ater Power 


INTERNATIONAL DEVELOPMENT OF HYDRO-ELECTRIC POWER 


PRICE 2/6 


charge regulators 


SEPTEMBER 1/951 


Cylindrical Balanced Type 


‘ENGLISH ELEcTRIC’ cylindrical balanced discharge reg- 
ulators are employed for destroying the considerable 
energy of discharge water from dam outlets by trans- 
forming the jet of water into a hollow cone. 

These discharge regulators have many applications 
in hydro-electric and irrigation schemes. 


3 he ENGLISH ELECTRIC Company Limited, Queens House, Kingsway, London, W.C.2 
7 Hydro-Electric Department, Stafford 


Works: 


STAFFORD * 


PRESTON * 


RUGBY * 


BRADFORD * LIVERPOOL 
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intangible 








In switchgear one consideration 

stands out head and sh» ders above 

all others. It is the intangible quality 

of reliability. Can you or can’t you rely 
implicitly on your equipment ? In switch- 
gear for transmission networks, which 

must keep the bulk supplies flowing 
continuously, reliability of performance 

is of first importance. But how can you rely 
on a new piece of equipment before its 
performance has been proved ? Yqu can’t. 
What you can do is rely on the name behind the 
equipment. If that name is Reyrolle the great 


intangible becomes the acknowledged fact. 


REYROLLE SWITCHGEAR 


A. REYROLLE & COMPANY LIMITED ~- HEBBURN * CO DURHAM 


W 
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KAPLAN TURBINE for MUHAMMADPUR 


Pe cae ail e# 


INDIA 
There are three Units in this Station, which is one of eight 
on the Ganges Irrigation Canal. Boving Turbines are installed 


in six of these Stations. 
NET HEAD ... 17-4 FEET 
OUTPUT 4250 B.H.P. 
SPEED ‘ ... 125 R.P.M. 


WATER POWER ENGINEERS 


ead Office: oS * 
56, KINGSWAY, LONDON, W.C.2, ENGLAND 
Branch Offices: Wellington: Druids Chambers, Woodward Street. 
Melbourne: 99 Queen Street 


c/o Messrs. Macneill & Barry Ltd., 2 Fairlie Place 
Chittagong :(Pakistan) c/o Messrs. Macneill & Barry Ltd., Strand Road. 


Calcutta 
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We specialise in manufacturing 
Power Transformers for Gen- 
eration. Transmission and Dis- 
tribution. All YORKSHIRE 
Transformers are designed, con- 
structed and tested to the 
corresponding British Standard 
Specification. 

We make Transformers to suit 
all requirements up to 45,00 
k.V.A. - 132,000 volts. 


YORKSIIMRE 
TRANSFORMER 











Phone. DEWSBURY 1691/2 
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Escher Wyss has developed to a very high degree the design and manufacture of 
high-head Francis turbines. The above runner is that of a turbine developing 
65,000 h.p. under a head of 1,050 ft. Similar turbines, but for larger outputs and 
heads are in course of construction. 


We further specialize in Kaplan and impulse turbines up to the largest outputs 
and heads, as also in large storage pumps and other hydraulic equipment. 


Our experience in manufacture and in installation work all over the world is 
at your disposal. 





ESCHER WYSS LTD., ZURICH (SWITZERLAND) 


PAO ALTO AMMONITE 
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The illustration : One of 4 Storage Pumps for 36000 HP Consumption under a Delivery Head of 


en Turbines, Storage Pumps 
and Accessories 


)J.M. Voith c.m.b.x., Engineering Works 
Heidenheim (Brenz), Germany 
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SUKKUR BARRAGE - 


RIVER INDUS 


The Sukkur Barrage on the River Indus, 


4 Pakistan, is nearly a mile long and 
Nincludes 66 RapieR Barrage Gates, 
peach 60 feet span for flood control. 


NEach of the seven main Canal Head 


gulators consists of a series of 


pstier Gates provided with Electric 
Wperating Gates. 


NAltogether nearly 600 RapieR Gates 


employed in this vast project 


controlling a 5,000 mile canal system 


Providing irrigation for 8,000 square 
miles. 


We are now building gates for the new 
Kotri Barrage 200 miles farther down- 
stream—a repeat order after 20 years’ 
experience of the Sukkur installation. 


ONE OF THE SEVEN MAIN CANAL HEAD REGULATORS 


RIVER CONTROL 
IRRIGATION 
POWER PLANTS 
WATER SUPPLY 
LOCKS & DOCKS 








RANSOMES & RAPIER LTD. 


32 Victoria Streett-LONDON 


IPSWICH —Waterside Works 


— 


ENGLAND 
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CLANES nn 


power station 


ERE is another Morris 100-ton power station crane being tested at 

our works with a load of 150 tons. For the rapid handling of com- 

paratively light loads, the crab embodies; a |5-ton auxiliary hoisting 
gear; this too was tested with a 50 per cent. overload. The crane bridge 
has a span of 72-ft. 6-ins. and is mounted on articulated end carriages. 
Overhead cranes are a vital part of power station equipment, for to them 
falls the task of lifting the generating plant into position. They must there- 
fore be designed and built with an eye to the work expected of them and 
above all, they must be dependable. Morris cranes in power stations 
everywhere uphold a long-standing reputation for dependability. 


HERBERT MORRIS LTD., LOUGHBOROUGH, ENGLAND 
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Me th by electic shames 


Exporters 
to all parts 
of the World 


Cement complying with 
BSS No. 12/1947 


Special low heat 
cement for dams 


White Cement. High 
early strength cement 


Special pozzuolanic 
cement for sea works 


ANNUAL CAPACITY 3,000,000 TONS 
31 WORKS THROUGHOUT ITALY 


CENTRAL LABORATORY FOR RESEARCH 
ON CEMENT & CONCRETE 


TALCEMENT 








ADDRESS: * 
WATER POWER September 


ITALCEMENTI,” 


CAPITAL—ITALIAN LIRE 4,000,000,000 


FABBRICHE RIUNITE CEMENTO 


BERGAMO : 


P.O.B. 247, BERGAMO (ITALY) 
1951 


ITALY 


CABLES : 


ITALCEMENTI, BERGAMO 





@ Jn these days, when so much emphasis is being placed on greater 


productivity through improved methods, this story is particularly apt, 


0.000.000 cubic feet of leptite),,. 








ODAY the waters of the River Faxilven, passing for the Swedish Method. The test showed that everything ff The act 


from the turbines of the Hjalta Power Station* which can be done with the heavier types of rock drill can & tionisn 


return to their original course through a gigantic 
discharge tunnel pierced through nearly 3j miles of rock. 
The three great turbo-generators at this plant are housed 
in a hall blasted out of solid rock at a depth of 240 feet 
below ground level. The water is carried down to the turbines 


by steel pipelines and back to the river by the great tunnel 


described here. 

This tunnel, which represented the major part 
of the work, presented many problems. Its 
dimensions alone were formidable: 40 ft. 
2 ins. wide by 39 ft. 8 ins. high, with a rock 
face area of 1,450 square feet and a length of 
20,116 feet, or 3 miles, 6 furlongs, 105 yards. 
Moreover, the rock was difficult, consisting 
for the most part of leptite, and there were 
10,000,000 cubic feet to be drilled and blasted! 
This was the task chosen to test the Swedish 
method—the new rock-drilling system based 
on the use of light one-man Atlas Drills and 
Sandvik Coromant hard metal Drill Steels. 
After a preliminary drilling and blasting test 
it was decided to work to a planned rate of 
advance of 18 feet per round, and 15 men, 
operating 17 rock drills, were installed at the 
rock face. Ateach round 121 holes were drilled 
and the aggregate depth drilled per round was 
no less than 2,227 feet! At each blasting 22,557 
cubic feet of rock was dislodged. 

Neither long stretches where the rock was 
badly fissured, nor a band of quartz 500 feet 
deep which was encountered at one point, 
succeeded in slowing down the planned rate 


ofadvance. The result wasacomplete triumph 


* Hjalta Power Station, completed in 1949, is the 
second largest in Sweden, with an annual production 
of 960 million kWh. Arcuirtect, Professor Sven Ivar 
Lind; CONSULTING ENGINEERS, A/B Vattenbyg- 
gnadsbyran; Contractors, A/B Hijalta. 
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also be tackled with light one-man Atlas Drills, when these If of adva 
are used in conjunction with Sandvik Coromant hard metal && jn the fi 
Drill Steels. But it also proved conclusively that the Swedish & value of 
Method means an increase of 50% in the effective boring §F inthis re 


rate, and consequently a big reduction in boring costs & canshov 




































per foot. Comparative estimates showed that the Swedish 
Method reduced the cost of the Hjalta Power Station by on 
million Swedish Crowns, or approximately £68,000! 


re é Bp ets and ai 
Engineer to th 
REVIEW, No. 2 
Voucher on rig 
Sonal letter-he 


Work in progress on the great discharge tunnel at the Hjalta Power Station. The simpy 
constructed staging on which the drillers worked at the rock face allows for the pass 
through it of excavators and mine cars. This staging was withdrawn a short distance # 
rails as each charge was exploded. From the small figures in the centre of the picw 

some idea of the size of the tunnel can be obtained. 
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What a test forthe Swedish Method! 


The actual speed of the drilling opera- 
tionisnot everything; it is the gross rate 
of advance through the tunnel which, 
inthe final analysis, determines the 
value of the drilling method. And it is 
inthis respect that the Swedish Method 
canshow decisive advantages. 


Where Atlas gets its speed 


One of the main features of the Atlas 
Drill is its negligible weight: one man can handle it all day 
without fatigue. Getting the machine into any required 
poiition at the rock face takes only a matter of minutes, 
adit is moved forward during the course of boring in an 
instant. This means that some of the heaviest work often 
sociated with tunnel boring is avoided. Power costs are 
apmeciably lower, since the Atlas machine requires only 
hp. as compared with 40 h.p. for the heavier drifter- 
te machines. But its greatest advantage lies in its easy 
mamuvreability. An Atlas Drill is actually drilling for 85% 
diistotal time on the job, and in practice this means more 
fet bored at the end of each shift. 
ltisobvious that to obtain these results it is necessary to use 
tilsteels capable of boring great depths in the worst kind 
otek without appreciable loss of gauge. In the severe test 
povided by the Hjalta tunnel, Sandvik Coromant hard metal 
Drill Steels, made by the Sandviken Steel Works, were stan- 
dadequipment with all Atlas Drills, and the combination of 
iiWo, coupled with the new drilling principles involved, 
to be known as the Swedish Method. 
s of the Sandvik Coromant bit is phenomenal. 


...» How this new rock-drilling system 
demonstrated its superiority at the Hjalta 
Hydro-electric Station in Sweden and cut 


costs by a sum estimated at over £68,000 


Loss of gauge is negligible; only about a hundredth part of 
that of ordinary steels. This makes it possible to drill holes 
with practically parallel sides and stoppages for change of 
drill steels are almost entirely avoided. 


50 feet without re-grinding! 

In the hard leptite at Hjalta, for example, Sandvik Coromant 
Drill Steels penetrated 50 feet without re-grinding. In such 
circumstances an ordinary drill steel would have to be re- 
moved for sharpening after something like 20 inches. This 
comparison speaks volumes for the amazing durability of 
Sandvik Coromant hard metal. 

When it does become necessary to re-grind a Coromant bit, 
it can be done on the spot by any operative in a matter of 
minutes; the need for re-forging and the transport of drills to 
and from the job no longer arises. 

Since the completion of the Hjalta tunnel the Swedish Method 
has been widely applied in mines, tunnels and quarries in 
many countries. All over the world it is today proving its 
superiority in terms of increased rate of advance, lighter work 


and lower drilling costs. 





; 3 STORY of the Hjalta tunnel, with photo- 


Saphs and diagrams, is told by Ragnar Ahlstrém, Chief 
Engineer to the C ontractors, in ATLAS COMPRESSED AIR 
Review, No, 2, 1950. To obtain a free copy please use the 
Voucher on right, attaching it to your business or profes- 


VOUCHER To ATLAS DIESEL COMPANY LTD - Beresford Avenue, 
Wembley - Middlesex. Please send us a copy of Atlas Compressed Air Review, 
No. 2, addressing it personally to: 





Sonal letter-heading. 


|) letter-heading is attached 
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| LIKE BRITAIN... 


Conada doses BRADY 


Efficient routine service, no less than enterprise, makes ‘ Brady 





a by-word in Canada too. This gear-operated bank of four 
steel shutters was recently fitted for the Dominion Textile Company 
Ltd., of Montreal. A standard roller-shutter installation, it is just 


one example of everyday service by Brady abroad. There as 


Brady shutters stand up to the in Britain, our organisation sets itself out to meet the normal 
most arduous climatic conditions—this 


is a Brady installation for Shipping 
Containers Lid, _in__ Montreal. and unusual roller-shutter specifications with equal efficiency. 











G. BRADY & CO. LTD - ANCOATS - MANCHESTER 4 - Phone: COLIyhurst 2797/8 
LONDON : New Islington Works, Park Royal, N.W.10 BIRMINGHAM : Rectory Park Road, Sheldon 26 
CANADA: c/o DAVID C. ORROCK & CO. 1405 Bishop Street, MONTREAL 25. 

Manufacturers of Brady Hand and Power Operated Lifts 








Stowe c» Bowden 2? 
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Overhead Travelling Cranes 
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Ateliers de Constructions Mécaniques de Vevey SA 


aceite Oita Vevey Engineering Works Limited 


Hydro-electric Power Plants Vevey /Switzerland 


Vevey \4 
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AERIAL CABLEWAYS 
tor Hydro-Electric Schemes 
Night and day in all weathers 
Henderson Aerial Cableways 
consistently maintain scheduled 
construction programmes. The speed, 
economy and efficiency of Henderson 
Cableways are essential factors in large 
building, constructional and _ hydro- 
electric undertakings. Henderson Cable- 
ways were used for the construction han 
of the Dams at Loch Sloy and Glen & 
Shira, North Scotland, MHydro- 
Electric Board, and _ various 
other home and overseas 
undertakings. 
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KING’S WORKS . ABERDEEN Phone 24262 


JOHN M. HENDERSON AND COMPANY LIMITED 
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FOUNDRIES + PLATE FABRICATING » MACHINING » ASSEMBLY 


Complete Facilities for the Production of 


HYDRAULIC 
TURBINES 


Francis, Propeller or Impulse—small, me- 
dium or large—at Dominion Engineering 
are the complete facilities and the long, 
specialized experience to produce them. 


Here, for example, are foundries which 
produce iron, steel and bronze castings. 
Here, too, are plate steel and machine shops 
equipped with a complete variety of tools 
to fabricate any size or type of turbine. 


The extent of such facilities is your assur- 
ance of quality production and good deli- 
veries to any part of the world. Dominion 
Engineering is at your service whenever 
you are considering mew water power 
developments. 


Write to P.O. Box 220, Montreal, for 
Hydraulic Turbines Bulletin No. 201. 





MITED 


MO CABLE: DOMWOR KS 
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Typical layout of hydro-electric plant for irrigation schemes, mills, farms, country estates, etc. 
TYPES OF WATER TURBINE 
4—THE OPEN PENSTOCK FRANCIS TURBINE 


“For very low heads the cost of a casing would be excessive and consequently 
the turbine is mounted in an open concrete chamber. The water flows along 
a head race to the turbine pit and is controlled by movable guide vanes 
operated by an oil pressure governor or hand gear.” 





Extract from GILKES handbook 
“On the Development of Water Power.” 


COME TO STAND No. 24, INNER ROW | 
WELDING 


GALLERY, NATIONAL HALL, AND SEE OUR [im ; 
WORKING MODEL OFA HYDRO-ELECRIC 7 Pee 


OLYMPIA 


POWER STATION. _ LONDON 


GILBERT GILKES & GORDON LTD 


KENDAL ‘Phone: Kendal 28 ENGLAND 


WATER TURBINE AND PUMP MANUFACTURERS 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 ‘Phone: Holborn 3232 


® G28 
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HYDRO - ELECTRIC 
PLANT 


AFRICA 
CANADA 
AUSTRALIA 


SOUTH 
AMERICA 


THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, LONDON, W.C.2 
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” SWITCHGEAR 


for 
HYDRO 
ELECTRIC 
SCHEMES 


Three examples from the C and F 
range of Outdoor Oil Circuit 
Breakers are illustrated below. The 
complete range extends from 2,000 
volts to 138 kV for both indoor and 
outdoor service under the most 
arduous conditions. 


TYPE OF! 
OUTDOOR LOW OIL CONTENT 
0.C.B. rated up to 
2,500 M.V.A. 69 kV (A.S.A.) 


TYPE O€6 
OUTDOOR LOW ol content 2900 M.V.A. 66 KV (B.S.) 
> 0.C.B. rated up to 


TYPE OES 1,500 M.V.A. 46kV (A.S.A.) FULL PARTICULARS SENT 


CB rated up te ——_—*1, 500 M.V.A. 44kV (B.S.) ON APPLICATION 
1,500 M.V.A. 34.5 kV (A.S.A.) 
1,000 M.V.A. 33kV (B.S.) 


COOKE: FEROUSON, 


VICTORIA STREET OPENSHAW MANCHESTER II 
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Three - phase capacitor 
battery, 1800 kVAr, 
11 kV, 50 p/s, installed 
in a municipal power 
plant. 





* Capacitors in all sizes for 230, 
400 and 500/550 V can be sup- 
plied from stock at present. 








{re you penalized 


Three-phase capacitor battery, 
36 kVAr, 400 V, or 24 kVAr, 


for reactive power consunyption ? 230 V, 50 pis, with cable boxes. 


ls your electrical equipnyent 


overloaded ? 


There is an unabating increase in the demand for electric power and to-day 
many power supply systems are being worked to the point of failure. Asea 
capacitors furnish an expedient %& and inexpensive means of improving your 
power situation. 


ASEA Capacitors 


reduce all transmission losses 
improve voltage conditions in the supply mains 
permit higher active loading of generators, cables and transformers 


enable the power producers to supply more kilowatts and entail lower costs 
for energy consumed 


obviate penalties for excessive consumption of reactive power and energy 


pay for themselves in a very short time merely by the reduction in penalties 
for reactive power 
The capacitors are designed as standard units which can be built up into 
batteries of requisite size. Batteries may be enlarged by adding units, or the 
tating altered by transferring units from one battery to another, according to 
prevailing supply conditions. 


Consult Asea for expert advice on your power problem. 


es ° 
Vasteras Sweden 
Three-phase capacitor battery, 
87 kVAr, 400 V, 50 p/s, mounted 
in frame for fixing to wall or 
floor. 
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—in the production of Oil-Filled 








Cable—as indeed of all types of cable—the 
Pirelli-General Cable Works is a complete 
manufacturing unit. As with other raw 
material used, so with Oil. On delivery it 
passes immediately into the control of men whose job it 
is to condition it for one highly specialised purpose—that 
of cable manufacture. P-G chemists and technicians test 
the Oil for dielectric strength, power factor and electrical 
stability. They clarify and degasify it until as processed 
oil it is again tested before being pumped into pressurized 
reservoirs for ultimate use in oil-filled cables, joints and 


accessories—all top-grade products worthy of the name 


ON PIRELLI-GENERAL. 
i “¢ 33 kV to 330kV 


~/OIL-FILLED SUPER TENSION CABLE 


f IRELLI O ENERAL 








MANUFACTURERS OF EVERY KIND OF ELECTRIC CABLE 


PIRELLI-GENERAL CABLE WORKS LTD., SOUTHAMPTON. (An Associate of The General Electric Co., Ltd.) 
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FACILITIES FOR THE SMALLEST OR LARGEST 


The 225-acre Newport News plant includes plate steel and machine shops equipped 
with a complete variety of tools to fabricate items of water power equipment of any size. 
Contracts received by Newport News for hydraulic turbines with an aggregate rated out- 
put in excess of 7,000,000 horsepower have included units as high as 165,000 horsepower 
and as low as 500 horsepower. 


Supplementing the extensive facilities are the equally important experienced and 
skilled personnel at Newport News to design and build such equipment. 


Your inquiries for hydraulic turbines of any size will receive prompt attention. 


Write for illustrated booklet on water power equipment. 


NEWPORT NEWS 


SHIPBUILDING AND DRY DOCK CO. 
NEWPORT NEWS, VIRGINIA, U.S.A. 
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TUNNEL DRIVING AT BOWLAND FOR MANCHESTER CORPORATION WATERWORKS 
Engineer and Manager—Alan Atkinson, Esq., M.Eng., M.I.C.E., M.Inst.W.E. 


CEMENTATION 


COMPANY IMI 


This tunnel, ten miles long, forms the middle section of the aqueduct which 
when completed will bring water from Haweswater in the Lake District to 
Manchester. The .conditions for tunnelling under the Bowland Hills are 
difficult, varying from soft mudstones to sandstones containing water at 
high pressure, such as in the heading shown above from which over two 
million gallons of water are being pumped each day. Despite these varying 
and difficult conditions, a progress of 334 feet has been obtained in one 
week in ground requiring continuous steel arch support right up to the face. 


NTLEY WORKS — DONCASTER 


FELEPHONE : DONCASTER 54177-8-9 


LONDON OFFICE 39 VICTORIA STREET, S.W.1 - - TELEPHONE ABBEY 5726-7-8 
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GENERATORS 
TRANSFORMERS 
ELECTRICAL 
APPARATUS 


For power stations of all 

types we supply generators, 

transformers, complete 

switchgear, control rooms, 

regulating and control equip- 

ment, remote indicating and 

regulating installations, and 

carrier- current telephony 

links over power lines. t 

Electric motors for — Fabricated stator frame for 


station auxiliaries. For steam a three-phase, 44000-kVA BROWN, BOVERI & Ot 


power stations we manu- 250-r.p.m. alternator. 


facture in addition: Velox LIMITED 
boilers, steam turbine sets, BADEN (Switzerland) 


and condensing installations. 
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ENGLISH ELECTRIC 


switchgear 








High voltage air-blast 
circuit-breakers 
for outdoor service 


Tested for breaking charging 


currents of long lines 


Illustrated is a 165-kV, 3,500-MVA 
air-blast circuit - breaker recently 
tested for breaking line charging 


currents at Fontenay, France. 





The ENGLISH ELECTRIC Company Limited 
QUEENS HOUSE, KINGSWAY, LONDON, W.C.2. 


Switchgear Department, Stafford 


WORKS: STAFFORD ° PRESTON ° RUGBY 
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WELLPOINT DEWATERING 


> 
Wt 


MC 


Consulting Engineers and Civil Engineering Contrac- 
tors cannot be sure that the problems of foundation 
work in water-bearing sub-soils are being tackled with 
the utmost efficiency until they have at least investigated 
the Blaw Knox Wellpoint Dewatering System. In running 
sand where subsidences and ‘‘boiling’’ occur when 
timbering or sheet piling is used, and also in varied 
stratum, Blaw Knox Wellpoint Dewatering has proved 
itself to be the SURE method 
to make “every job a dry job”, 
overcoming ground water 
difficulties which can so easily 
cause serious financial loss. 
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Catalogue No. 103 will gladly 
be supplied upon request. 











SSW 


BLAW KNOX LTD. 


9/94 BROMPTON ROAD, LONDON, S.W.3. Telephone : Kensington 5/51. 
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Telegrams : BLAWNOX, SOUTHKENS, LONDON. 
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Rated breaking capacity : 
7,500 MVA (British) 
9,400 MVA (American) 


°° 2! [> & 


ever built in Great Britain 


now on view at the Festival of Britain (South Bank), is a BTH 
three-phase “Shuntarc” 275/300-kV oil-break circuit-breaker. 
BTH leadership in the design of switchgear and electrical 
equipment of all kinds is exemplified in this achievement. 


THE 


BRITISH THOMSON-HOUSTON 


COMPANY LIMITED WILLESDEN ENGLAND A436 
Miember of the AEl group of companies 
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Made in Great Britain by 


CERETT| & TANFANI ROPEWAY CO., LTD. 


IMPERIAL HOUSE - DOMINION STREET + LONDON - E.C.2) CLErxenwett 1777 (8 lines) 
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«4 , — 
HORIZONTAL & VERTICAL TYPES 


DESIGNED TO INDIVIDUAL SPECIFICATIONS 











Introduces a Wew 
500 cu. ft. STATIONARY 
COMPRESSOR 


A COMPACT UNIT FOR THE 
CONTRACTOR REQUIRING 
LARGE VOLUMES OF AIR 
FOR LONG PERIODS 


For work on hydro-electric 
schemes, dams, tunnels, etc. 

. for projects sited in rough 
undeveloped country . . . in all 
these, the small dimensions, 
light weight, and capacity for 
continuous heavy duty of the 
CP Model PB.8.500 are invalu- 
able assets. Built on a strong 


box-type crank case, this com- 


pressor—the latest addition to 
what is undoubtedly a pre- 
eminent range of compressors 
—embodies all the features 
which have made CP compres- 
sors so efficient... features 
which include two-stage com- 
pression, Simplate valves and 
3-step capacity regulation to 
give operation at full, half or 
zero capacity. The CP 500 
Compressor can be supplied 
with direct motor drive or with 
grooved belt wheel for electric 
motor or other prime mover. 
Yes—for compressors to suit 
special needs... 


CALL IN CONSOLIDATED 


CONSOLIDATED 


Offices at Glasgow ° 


CP131 Bombay * Melbourne ~* Paris 
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SPECIFICATION 


Model ‘ 
Air Cylinder Diameters: 

Low Pressure 

High Pressure . 

Stroke 
Normal Working Pressure (bs. je. inch) 
Actual Delivery (cu.ft. free air per min.) 
Piston Displacement 
H.P. required at Compressor shaft 
Weight ‘ ‘ ° 
Length 
Width 
Height 











Newcastle * 


PNEUMATIC 


1951 


TOOL 


Manchester - 
* Rotterdam 


co. tts. 


Birmingham ~* Leeds - 
* Brussels * Milan 


Bridgend 


LONDON & 


* Belfast - 


Dublin 





FRASERBURGH 


* Johannesburg 
* and principal cities throughout the world. 








We are Proud 
that our 


+ MONOTOWER 
CRANE 


has been selected for display at the 
Festival of Britain building centre 
at Poplar, London, 

as typifying the finest 

modern equipment for building 























BUTTERS BROS. & CO. LTD., 


MACLELLAN STREET, GLASGOW, S.! 
LONDON '. BIRMINGHAM . NEWCASTLE 








% ES cal 








Please note our new London Office and Works address: 






THE CRANE WORKS, STATION APPROACH, LONG LANE, HILLINGDON, MIDDLESEX. Phone : UXBRIDGE 925 & 228 


———— 
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«4 TRANSFORMERS 


»”» 
OF 75 OOOkVA,INTENDED FOR THE BELGIAN CENTERS 
OF INTERCONNECTION FOR NETWORKS OF 150/70kvV. 








75 OOOkVA 


3 WINDINGS : 150/70/10 kV. 
ON LOAD VOLTAGE REGULATION : # 17,5 °/, ON THE 
150 kV SIDE 
3 RANGES OF LOAD : 45000 kVA - 60000 kVA - 
75 000 kVA according to the type of cooling system. 
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by the 1951 prestige year dmg nab best to deal with the 
4 ri heh D4 au 
vagaries of the Tide of the Thdthes as it lapped at the site 
of the proposed New Sauth Embankment. 
All points considered, resources — quality — 
reliability — speed — economy — a first-class Building and Civil 
Engineering Organisation completed the works ahead 


* of schedule... 


CONTRACTORS TO THE WORLD ‘ Oo s T 4 i j NX 
Limeted 


HEAD OFFICE: DOLPHIN SQUARE + LONDON: S.W.1 : Victoria 6624 
BRANCHES: TURKEY: MIDDLE EAST + RHODESIA « UGANDA~: NIGERIA 
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(Photograph reproduced by courtesy of Messrs. Metropolitan Vickers Electrical Co. Ltd.) 


The substation at Kothamangalam, Travancore, India, 
one of the 66kV substations on the Pallivasal project 
equipped with S.P.P. Post insulators type P.642. 


POST INSULATORS 
specified for all the 
OOkV outdoor switchgear 
i the Pallivasal 
Hydro Electric Scheme 


F STEATITE & PORCELAIN PRODUCTS LTD. 


GE RIA Stourport-on-Severn, Worcestershire Telephone: Stourport II] Telegrams : Steatain, Stourport 


= 
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MARIONS for 


Robust construction, electric swing and fast easy-to-operate air 
controls, mean full-time operation by both excavator and operator. 


EARLY DELIVERY OF 3!/4 CU. YD. MODEL Iil—M 
MARION EXCAVATORS in all sizes from } to 45 cu. yds. 
With a complete After 


Sales Service by the sole distributors. 


BLACKWOOD HODGE 


Sales: Works and Service: 
11 BERKELEY ST., W.I. HUNSBURY, NORTHAMPTON 
Telephone: Mayfair 9090 Telephone: Northampton 5262 
U.K., U.S.A., 


EIRE, BELGIUM, PORTUGAL, SPAIN, ITALY, S. AFRICA, E. AFRICA, W. AFRICA, RHODESIAS & NYASALAND, BELGIAN CONGO, 
ANGOLA, MOZAMBIQUE, SUDAN, INDIA, PAKISTAN, CEYLON, BURMA, AUSTRALIA 
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RUGGED RELIABILITY 





+ 
F.2A ‘ RV.240 Heavy Type ‘ 
Hand Hand D.T. 
Breaker Riveters 


Hammer Drill 





X 
Electric Coal & Stone Drill] 


RV.300 D 
Drifter Drill 


Scaling Hammer 


Maxleg . CLIMAX ‘Do-All’ Convert- 
with ible Electric Drill. Hammer 
RV.240 Drill Drill to twist Drill in 10 


Wagonette Sand Rammer seconds. Pneumatic Trench Pump 





Climax equipment, made in Cornwall—the home of modern mining—combines generations of 
practical experience in all parts of the world with the results of the most up-to-date research. 
Climax machines are designed with an intimate understanding of the worker’s needs and 
precision-built to the highest engineering standards. This policy has proved itself time and again 
in increased production and lower operating costs. 

For rugged reliability and efficiency you cannot do better than specify CLIMAX. PNEUMATIC 
AND ELECTRIC TOOLS FOR MINING, QUARRYING, CONTRACTING &. ENGINEERING. 








Please send for our illustrated Compressor Catalogue and General 
Products Catalogue, which give full details of all Climax equipment. 


Z——_—a—— 
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“i —— 
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CLIMAX ROCK DRILL & ENGINEERING WORKS LTD. 


4 Broad Street Place, London, E.C.2. WORKS : Carn Brea, Redruth, Cornwall 
—— 


PO EE A 
TAs/Cx498 
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Fitted as Navvy shovel 








However much it takes to make a mountain, there is no doubt that the gross output achieved 


in the long working life of a Smith Super 10 would create no mean escarpment ! 


The Super 10 is of advanced design and embodies many unique features resulting in 
trouble-free performance and high output at low running cost. Illustrated above with navvy 


attachment, it is also quickly convertible to other working requirements by means ol 


dragshovel, dragline, skimmer and crane attachments. 


Standard bucket capacity: 3 cubic yard. 


SMITH cranes and excavators 


THOMAS SMITH & SONS (RODLEY) LTD CRANE & EXCAVATOR WORKS RODLEY LEEDS 


Specialists in the design and manufacture of Cranes and Excavators 
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. CHRISTIANI & NIELSEN 


Backed by the experience gained during 47 years working in 35 
countries, the Christiani & Nielsen Organisation can undertake large- 
scale civil engineering work of all types in any part of the world. 


SPECIALITY : Marine and Hydraulic Structures. 


LONDON OFFICE: 54 Victoria Street, S.W.1. 
Telegrams : Reconcret, London. 


CENTRAL DESIGNING OFFICE : Vester Farimagsgade 41, Copenhagen 
Telegrams: Jernbeton, Copenhagen 


ALSO OFFICES IN: Aarhus - Bangkok - Bogota - Buenos Aires - Cape Town - Caracas - Durban 
Hamburg - Helsingfors - Lima - Lourenco Marques - Mexico City - Montevideo - New York 
Oslo - Paris - Rangoon - Rio de Janeiro - Stockholm - The Hague. 
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AEG 


Control 
Equipment 





60 YEARS’ Experience in Hydro-Electric Plants 


ALLGEMEINE ELEKTRICITATS - GESELLSCHAFT 


Berlin-Grunewald Export Department Frankfurt a. M. 
5356 
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Quarry to Batching PLANT 
STONE & AGGREGATE 


INDUSTRIAL ~ 


guwoo? 


CONVEYORS 





.4 
ee 


© 


i. i a 


tmisbianm, & 
| iin 


SCOTLAND - TUMMEL GARRY - LOCH SLOY 
ERROCHTY DAM 


AFRICA - OWEN FALLS - UGANDA 


INDIA - HIRAKUD DAM PROJECT 





HUGH WOOD & CO. LTD. | 


Head Office & Factories : GATESHEAD-ON-TYNE, I! 
Industrial & Export Office: DASHWOOD HOUSE, 69, OLD BROAD STREET, LONDON, E.C.2 
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FRANCIS TURBINES 
By 
THE 
HARLAND ENGINEERING 


COMPANY LTD. 


The 17,000 b.h.p. vertical shaft ‘ Harland Morgan 
Smith’ Francis Turbines at the Grudie Bridge Power 
Station of the North of Scotland Hydro Electric 
Board are two of many supplied or on order for 


Great Britain and Overseas. 


THE HARLAND ENGINEERING CO. LIMITED. LONDON OFFICE: HARLAND HOUSE, 20, PARK 
STREET, LONDON, W.1. PHONE: GROSVENOR 1221. : WORKS: ALLOA, SCOTLAND. 


ALSO AT BRISTOL, GLASGOW, LEEDS, MANCHESTER, NEWCASTLE-ON-TYNE AND NOTTINGHAM 
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WATER POWER 


A technical journal devoted to the study of 
all aspects of Hydro-electric developments 
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WATER & POWER COMPANY 
Install 


BE CSeAPACITOR 


This 15,000 kVAr bank of BICC Power Capacitors is installed on the 
electricity supply system of the Shawinigan Water and Power Company, Quebec 
Province, Canada. Comprising sixty 250 kVAr units—each a real engineering job— 


it operates at 11,750 volts. 
Another bank—20,000 kVAr—of BICC Power Capacitors for operation 


at 10,300 volts was recently supplied to the Aluminum Company of Canada. 
40 years of development is behind modern BICC Power Capacitors. 
Therefore it is not by chance that they :- 
Are 99.87°% efficient. 
Have low temperature rise — 10°C. 
Give many years of trouble-free service. 
Normally require no maintenance. 
Are simple to install (indoor or outdoor). 
Only BICC Power Capacitors offer all these advantages. 
They can be connected in small banks at service points and secondary 


sub-stations, or in large banks at main sub-stations. Individual units are _ 


also available for connection at motor terminals and distribution boards. 











Further information on the 
use of capacitor banks is 
contained in Publication No. 
278V available on request. 


—— 





BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 


Branches and Agents throughout the World. 
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WATER 


POWER 


A technical journal devoted to the study of all 
aspects of Hydro-Electric Development 





Harnessing African Waters 


YDRO-ELECTRICALLY, as well as in other 

ways, Africa today is entering upon a phase of 

development that may well prove to be more 
important than any in her long history. Ultimately 
the great schemes now either under construction or 
contemplated must have profound and far-reaching 
effects upon many of the hitherto undeveloped terri- 
tories of the central and eastern areas, more parti- 
cularly in agriculture and industry. Starting from the 
north, it was only a few weeks ago that the Council 
of Ministers of the Egyptian Government voted £24 
million for a big hydro-electric scheme at the Assuan 
Dam, and the construction simultaneously of fertiliser 
and steel plant. Farther down there is the Owen Falls 
project for harnessing the waters of the Upper Nile 
for both power and irrigation. The expert investigators 
who studied that scheme in all its aspects are con- 
vinced that it offers an unrivalled opportunity for 
raising the standard of living by attracting new in- 
dustries to the Uganda Protectorate, and by making 
domestic supplies of electricity available at reasonable 
prices. Situated at the northern end of Lake Victoria 
it presented a notable opportunity for securing control 
of the Nile headwaters, and also supplied a compara- 
tively simple solution to the problem of providing 
adequate storage of water, a first essential in view of 
the increasing populations of territories concerned. 

Still proceeding southwards we come to the 
Rhodesias and Nyasaland, and immediately there 
comes to mind the £744 million Kariba Gorge power 
scheme, the subject of a special article in another part 
of this issue. Kariba has as its main object the ex- 
ploitation of the now largely wasted waters of the 
Zambesi, and in this sense it completes the picture 
of a giant harnessing of the whole of eastern and 
north-eastern Africa’s principal water sources from 
the Mediterranean to the borders of the Union of 
South Africa. 

The Interterritorial Hydro-Electric Commission res- 
ponsible for the detailed report and recommendations 
on the Kariba Gorge plan clearly has borne in mind 
the wider effects as well as the more immediate matter 
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of power supplies. The whole area of the Zambesi, 
it points out, is a matter needing further study in 
order the better to disseminate the mass of informa- 
tion that would thereby become available. To this end 
it urges the establishment of an international authority 
which could act as a type of water court. On such an 
authority representatives of all the riparian territories 
should serve in order to ensure full examination of 
matters of common interest in, and common usage 
of this great waterway. The Zambesi, for example, 
takes its rise in Portuguese West Africa (Angola), and 
discharges into the Indian Ocean in Portuguese East 
Africa. On its west to east course it therefore affects 
riparian and other interests of such countries as the 
Union of South Africa, South-West Africa, Bechuana- 
land Protectorate, Northern Rhodesia, Southern 
Rhodesia and Nyasaland Protectorate. One can 
readily understand, therefore, the difficulty confront- 
ing the experts in their investigations due to the 
virtual absence of reliable data on hydrological, 
meteorological, topographical and kindred subjects 
associated with the Zambesi, as well as with the 
Kafue River. “Such records as were available,” the 
report notes, “concerned isolated points; were either 
non-continuous, incomplete or difficult to correlate 
with any real reliability.” Arising from this initial 
difficulty the Commission has made two recommenda- 
tions; first, that governments now operating hydro- 
logical stations on the Zambesi and Kafue rivers 
should continue to do so; secondly, that the govern- 
ments of Northern and Southern Rhodesia should 
obtain the fullest information relative to the major 
tributaries of the Zambesi within their territories. 

In order that there may be full discussion of 
questions bearing on the creation of a Zambesi River 
Authority the Commission advises that it will be 
necessary to convene a conference of countries having 
a direct interest in the use of the waters of the 
Zambesi “as soon as a decision has been reached 
regarding the recommendations made in this report” 
—i.e. the construction of the Kariba Gorge hydro- 
electric station. 
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Already—in May last year—the ground has been 
prepared for such a conference in the technical dis- 
cussions on the development of the Zambesi and the 
employment of its resources held at Salisbury. At that 
conference, it is satisfactory to recall, complete agree- 
ment was reached by its members, who were members 
of the Portuguese Government, the governments of 
the three Central African territories and the Inter- 
territorial Hydro-Electric Commission. Its recom- 
mendations, in fact, were for the main part concerned 
naturally with the water requirements of the riparian 
territories in the event of the dam being built at 
Kariba Gorge. How this important undertaking would 
effect improvements other than that of actual power 
supplies the Commission appreciates fully. It would 
mean, for example, direct savings of considerable 
capital sums for the provision of rail transport and 
water supplies, conserve and make available for other 
purposes valuable (and not unlimited) coal resources, 
and, in the long run, constitute a major contribution 
to the stabilisation of the Zambesi, leading to water- 
borne transport and other benefits for trade and com- 
merce. As the consulting engineers for the Kariba 
scheme point out, there are other sites downstream 
from Kariba that offer promising prospects for further 
power development on the Zambesi—benefits that 
would be appreciably nearer to realisation when the 
regime of the river has been regulated by the estab- 
lishment of the Kariba station. 


A New British Tunnelling Record 


A NEW British tunnelling record was set up during 
the week ending June 10th on the Loch Sloy Hydro- 
Electric Scheme by the contractors, Edmund Nuttall, 
Sons and Company (London) Ltd. Working eight- 
hour shifts round the clock for seven days, three gangs 
of ten men drove a distance of 427 ft. through the 
hard diorite rock forming the mountains of the 
Cobbler Range. This is the first time a distance of 
over 400 feet has been recorded in Great Britain and 
exceeds by 93 ft. the previous best made earlier this 
year. This new record is believed also to be the best 
drive ever achieved on similar projects on the con- 
tinent and thus establishes a new milestone for 
British rock tunnelling. The tunnel is seven feet 
square in section and will eventually be some 6,000 
feet long, and is part of the scheme to provide a 
larger catchment area for the Loch Sloy reservoir by 
collecting water from the Cobbler peaks. The work 
is being undertaken for the North of Scotland Hydro- 
Electric Board, for whom the consulting engineers 
are James Williamson and Partners. 


Objections Lodged 


THE North of Scotland Hydro-Electric Board is 
facing a growing volume of opposition to its latest 
project, which aims at creating a £15-million Breadal- 
bane scheme. The Perthshire and Kinross County 
Council and the Scottish Salmon Fishing Federations 
are among the bodies which have lodged objections 
and briefed counsel.The county claims that the 185 
square miles of country concerned are major tourist 
country. The scheme will result in loss of some of 
the finest river and loch scenery in Central Scotland 
and hurt tourist business. Diversion of the Earn 
would result in danger of flooding in the Earn 
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Valley, cause damage to agriculture and eliminate 
valuable sheep land. The scheme will interfere with 
water and sewage systems and cause flooding of roads 
and bridges. The scheme will mean that one-third 
of Perthshire is under hydro-electric operation and 
this, the county claims, goes far beyond the provisions 
of the Act. Protest is also made that too limited 
time has been given to lodge objections. 

In previous instances such objections were ulti- 
mately settled amicably. There is just a feeling that 
the growth of the schemes is now becoming so vast 
as to demand that further proposals be very fully 
investigated before approval is given—and this pro- 
test by the county is along these lines. 


Canada to Help India 


Pustic utilities, such as water power and large 
irrigation schemes included in the Indian section of 
the Colombo Plan for South-East Asia have figured 
prominently in the talks now concluded between India 
and Canada within the framework of the six-year 
plan. Now that the plan itself has officially entered 
the operational stage for individual countries partici- 
pating, the Department of External Affairs of Canada 
has issued a statement on the projects in which 
Canada might most usefully provide material and 
financial assistance to India. Provision for the export 
from Canada to India of industrial materials and 
foodstuffs was also examined, as were the different 
methods of financing needed for each type of project. 
A senior official representative of the Government of 
Pakistan is to visit Ottawa for similar discussions on 
his countries’ schemes under the plan. 


Technical Engineering Training 


Visitors from the Netherlands, France, Belgium, 
Switzerland, Norway, Sweden, Denmark, Finland 
and the Gold Coast, who have been taking part in a 
fortnight’s British Council course on technical en- 
gineering training in Glasgow, devoted the final two 
days of their programme to visits and lectures in or 
near London. At the Institution of Electrical En- 
gineers they heard Sir Arthur Fleming speak on 
“Research and Training: Basic Factors of Industrial 
Progress,” and a talk on the role of the three major 
engineering institutions in the training of engineers. 

The party included Mr. Georges Goudet, Director 
of the Ecole Nationale Supérieure d’Electricité et de 
Mécanique in the University of Nancy; Professor R. 
T. Hukki, head of the Department of Mining and 
Metallurgy in the Finnish Institute of Technology; 
Professor F. M. Roeterink, Head of Internal Tech- 
nical Training at N. V. Philips’ Glowlamps Factory 
in Eindhoven and President of the Dutch Federation 
of Secondary Technical Schools; and Mr. T. C. Wat- 
kins, Acting Principal of the Government Technical 
School in Takoradi (Gold Coast). 

During their stay in Scotland they were able to 
see something of the apprentice training schemes of 
Messrs. Alexander Stephen and Sons Ltd., G. and 
J. Weir Ltd. (Cathcart), Mavor and Coulson Ltd., 
Bruce Peebles and Co. (Edinburgh), Babcock and 
Wilcox (Renfrew Works), North British Locomotive 
Co. Ltd., and the North of Scotland Hydro-Electric 
Board’s Staff Training College at Pitlochry. Visits 
were also made to the University of Glasgow, the 
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Royal Technical College, Stow College School of 
Engineering and the Glasgow Engineering Centre. 
The party were guests of the university at its Fifth 
Centenary Celebrations. A tour of Loch Lomond, 
Loch Sloy, Loch Long and the Gareloch included an 
examination of the hydro-electric dam and power 
house at Loch Sloy. 

The course was arranged in consultation with Dr. 
D. S. Anderson, Director of the Royal Technical 
College of Glasgow, and with the co-operation of the 
University, the Scottish Engineering Employers’ Asso- 
ciation and the City Corporation. 


Russian Schemes 


Reports from Soviet Russia tell of rapid pro- 
gress on construction of the Volga-Don Canal. It is 
claimed that whereas at the beginning of April the 
volume of daily excavation amounted to 30,000 cu. 
m., “at present more than 100,000 cubic metres of 
rock is excavated daily.” Placing of concrete continues 
at nine locks, and at the remaining four excavation 
work is nearly compiete. Many sections of the dam 
of the Tsimlyanskaya hydro-electric project, a main 
installation of the Volga-Don Canal, are finished, 
and a fifth concrete-making plant has been put into 
operation at the construction site. ‘Concrete panels 
will be used soon for facing the banks of the canal 
and the inclines to the dams. 


The Kuibyshev Station 


At the Kuibyshev hydro-electric station a highway 
is being built along the left bank of the Volga. It is 
planned that this broad, asphalted highway, “ running 
dozens of kilometres,” will link the future town of 
the hydro-electric project with the city of Kuibyshev. 
Dredging work has begun at the site of the Kuibyshev 
hydro-electric station, and it was estimated that dur- 
ing May and June a layer of earth six metres in depth 
would be excavated. Work will then be started to safe- 
guard the section which will be reclaimed from the 
Volga, making possible the erection of the hydro- 
electric station. 


Irrigation Project Begun 


CoNsTRUCTION of a widespread irrigation and 
watering system has been started in the steppes of the 
Rostov and Stalingrad regions at the site of the 
Volga-Don Canal and the Tsimlyanskaya hydraulic 
engineering project. “Thousands of kilometres of 
canals are being dug and dozens of pumping stations 
erected” to lift water to a height of 50 metres in 
some places. According to the plan 1,875,000 acres 
of land are to be irrigated and five million acres 
watered in the Rostov and Stalingrad regions. 


Planning in Nyasaland 


F OLLOWING three separate surveys conducted 
Over the past seven years the Government of Nyasa- 
land has now decided on a full-scale investigation 
for developing the waters of the Shire River, a tribu- 
tary of the Zambesi, for hydro-electric and irrigation 
works. It will be carried out, as in the case of the 
Kariba and Kafue schemes in Rhodesia, by the 
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London firm of consulting engineers, Sir William 
Halcrow and Partners, and will cover all aspects of 
the scheme — planning, engineering, economic and 
financial. The work will probably take more than two 
years and will be known as the Shire Valley Project 
Survey. In the first place it will cover control of the 
level of Lake Nyasa and the supply of water to the 
river by the building of a barrage on the Upper Shire, 
secondly the use of the Middle Shire for the generation 
of electricity, and thirdly irrigation and reclamation 
of large areas of land mainly in the Lower Shire 
Valley. 


Lake and River 


As FAR as the lake itself enters into the scheme 
the main object would be to overcome the vagaries 
of level which have been a major obstacle to the 
development of transport facilities, fisheries and other 
activities. For example, stabilisation would greatly 
facilitate the improvement of ports on the lake and 
the irrigation of a considerable stretch on the southern 
shore. On the Shire River itself the production of 
hydro-electric power may prove the most important 
part of the project for Nyasaland. In the view of com- 
petent judges there appears to be no reason why 
considerable supplies of hydro-electric power should 
not be obtained at reasonable cost by the use of the 
Middle Shire. Such power would be of great value 
to the southern province of Nyasaland both for in- 
dustrial development and the improvement of public 
utilities, as also for use in lift irrigation, while the 
power itself might also be used in adjoining areas of 
Mozambique. 


Land Fertility 


THE remaining main purpose of the scheme would 
be the irrigation of large tracts of potentially pro- 
ductive land in the Lower Shire Valley, and the 
reclamation of land at present virtually useless owing 
to uncontrolled flooding. In Nyasaland this might 
extend to more than 400,000 acres, and it is also 
probable that river control would bring substantial 
developments similar to those in Mozambique on the 
east bank of the Shire, below the southern tip of 
Nyasaland. Appreciable benefit would also accrue to 
the neighbouring territories of Tanganyika and Portu- 
guese East Africa, with whose authorities the Govern- 
ment of Nyasaland will consult. In effect the aim is 
full development of resources for the common benefit 
of all interested territories. 


French Firms Chosen 


Two French engineering companies are to take 
workers and plant to Victoria, Australia, to drive a 
tunnel some 23 miles through the mountainous 
country in the north-eastern part of the state. The 
work is part of the Victoria Electricity Commission’s 
programme for increasing the range of hydro-electric 
power. The contract has been let to the two companies 
jointly and the work, estimated to cost £A790,000, is 
to be completed within two years. Employees of the 
Electricity Commission will construct about three- 
quarters of a mile of the tunnel and the French 
engineers will be responsible for the remainder. 





Kariba’s Part in Central African 
Development 


The Kariba Gorge hydro-electric project, now under considera- 
tion by Governments of Central Africa affected, will ultimately 
exercise a marked influence on the economic and industrial 
development of large territories bordering the Zambesi River, 
on which the gorge is situated. Our Special Correspondent 
summarises the report of the Inter-Territorial Hydro-Electric 
Commission appointed to investigate the scheme, and also the 
recommendations of the consulting engineers. 


LANS for harnessing the waters of the Zambesi 

River at Kariba Gorge, between Salisbury 

Southern Rhodesia) and Lusaka at a total esti- 
mated cost of £744 million are outlined in the report 
of the Inter-Territorial Hydro-Electric Power Com- 
mission published by the Central African Council.* 

The Commission was set up by the Council five 
years ago to study sources of power available for 
joint development in the area. Its report, now under 
consideration by the Governments of Northern and 
Southern Rhodesia, recommends as an “ unusually 
favourable” project the construction of a hydro- 
electric installation at Kariba Gorge. The scheme, it 
is advised, should be carried out in two stages. An 
initial installation capable of producing 385 MW 
would cost £434 million and the final installation, 
with a capacity of 1,000 MW, would bring the cost 
to the figure mentioned at the outset, the estimates 


*Crown Agents for the Colonies, £3 3s. 0d. _ 


Fig. 1. Centre: Sir 
William Halcrow 
and (right) Mr. 
H. J. F. Gourley, 
civil engineer 
members of the 
Advisory Panel of 
Consulting En- 
gineers, examine 
maps at thecamp 
site 
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being based on prices ruling last November. Con- 
struction would take at least eight years to complete, 
and the report recommends that capitai should be 
raised as and when required. 

The Commission is satisfied that the load develop- 
ment estimates in the territories to be served are 
sound, and that the Kariba scheme affords the most 
economic source of bulk power available. The 
potential load in Northern Rhodesia from the copper 
companies alone is about 100 MW. In Southern 
Rhodesia the demand of the Salisbury Midlands area 
is expected to be between 270 MW and 380 MW in 
1962, depending on rate of growth, and the Shabani, 
Gwanda and Bulawayo areas in the aggregate have 
similar potential loads. 


Costs Compared 


The completed project would enable hydro-electric 
power to be delivered at receiving stations at a cost 
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of 0:2525 pence per unit for the initial development 
and at 01703 pence per unit for the final develop- 
ment. This compares with an estimated cost of 
thermal power delivered to the Salisbury Midlands 
area of 0°477 pence per unit at the end of 1961, and 
0-41 pence per unit in 1971. This, it has to be remem- 
bered, is on the unlikely assumption that costs remain 
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Fig. 3. Hill on north-west bank at dam Site No. 3 


as they are to-day. On this basis there would be an 
estimated saving in electricity costs progressively rising 
to £4 million a year when the Kariba undertaking is 
fully developed. Assuming, as the authors of the 
report hope, that the initial stage was in operation by 
1961 and the scheme finally developed by 1971, the 
total saving in electricity costs over this period would 
be about £23 million, and thereafter would be at least 
£4 million a year. The project moreover would result 
in a considerable saving of national capital in such 
matters as coal, and transport. 

The Commission has recommended that control of 
the undertaking should be in the hands of a Rhodesia 
Hydro-Electric Power authority established by the 
governments with appropriate territorial representa- 
tion. This authority would run the works at Kariba, 
together with transmission lines and associated ap- 
paratus, and would sell bulk power at cost after 
meeting its expenses and financial obligations at the 
terminals of the stepdown side of the receiving end 
transformers. 


Kariba First 


Such is the project and its potentialities in barest 
outline. The consulting engineers’ report also discusses 
its examination of the Kafue River scheme, but has 
no hesitation in recommending that the Kariba project 
should be developed first, and the dam built initially 
to its full height. Regarding Kafue the engineers are 
of the opinion that economic and technical considera- 
tions, and the anticipated growth of power demand 
indicate that it should be reckoned rather as a future 
extension for construction after Kariba has been fully 
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Fig. 5. View near Site 3A looking downstream 
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Fig. 6. View near Site 3A looking downstream 


developed. The situation is such that construction of 
Kafue before Kariba might require a start to be made 
at Kariba before Kafue came into operation. In the 
meantime, however, it is urged that investigations for 
a complete study of the Kafue project should be 
continued. 

Of various sites considered for the dam in Kariba 
Gorge, that now known as Site 3A, at the lower end 
of the gorge, has been provisionally selected, but more 
detailed investigation is urged before it is finally fixed. 
If Site 3A should prove unsuitable, Sites 1 or 1A, at 
the upper end of the gorge might be adopted, but this 
would mean that the available output of the project 
would be reduced by about 74 per cent. The ultimate 
capacity of Site 3A with top water level at 1644 RL 
is estimated at 1,000 MW at 70 per cent. annual load 
factor. With the reservations mentioned the Commis- 
sion recommends the building of the dam at Site 3A 
for a top water level of 1644 RL, with a power station 
to provide for full development of resources. 


Generating Plant 

On the outpui, number and design of generating 
units essential requirements taken into account are, 
inter alia, that the output of each unit of generating 
plant shall be limited by the transport facilities avail- 
able for delivering its heaviest parts to the site. In this 
respect the Commission points out that if it is decided 
to complete the initial scheme by 1961, a rail or road 
connection to the site of the dam will have to be 
provided in the next three years. They add that, 
although road transport would be possible in the 
initial stages of building it would be relatively costly, 
involving, among other things, heavy capital expendi- 
WATER POWER 
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ture on improvements to the existing Sinoia-Chirundu 
road. 

On the other hand the site is in the area of the 
already proposed Sinoia-Kafue rail link, and it is 
recommended that if the rail link is constructed the 
Authority should bear only the cost of any rail spur 
to the dam site. From a study of transport facilities 
in Portuguese East Africa, South Africa and on 
Rhodesian Railways it is apparent that the heaviest 
parts of generator units could be safely transported 
to site. Turbines of larger capacity than that proposed 
have been operated for years under hydraulic con- 
ditions similar to those likely to be encountered at 
Kariba, and the choice of 77 MW capacity for each 
unit of generating plant appears therefore to be fully 
justified. 

To cope with ultimate output (1,000 MW) the 
following installation will be necessary:— 

For generation of 1,000 MW 13 generators 

Standby unit ie 1 generator 

Total installation 14 generators 


1078 MW 


Total installed capacity 


Seven Year Task 

It is considered unlikely that the first section of the 
station could be completed in less than seven years. 
Therefore, in view of the forecasts of electrical 
demand, and assuming that standby and maintenance 
requirements in the station can be met by thermal 
plant located near the load centres, it would be ad- 
visable to install not fewer than four generating units 
in the initial development, giving an available capacity 
of 308 MW. The chemical and mechanical analysis 
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Fig. 7. General view of river at Site 3A looking south-west 


of water which will pass through the turbines shows 
that corrosive and erosive materials in suspension are 
not present in appreciable quantities, and as the con- 
ditions for cavitation are not severe Francis turbines 
with stainless steel runners should have a long and 
trouble-free life. 

For the hydraulic conditions vertical shaft Francis 
turbines will be required for coupling to vertical type 
alternators. The overall efficiency curve for such 
machines may be expected to be reasonably flat over 
the range of load on a station operating at 70 per cent. 
annual load factor. The turbines should be equipped 
with inlet valves of the butterfly type operated by 
hydraulic pressure servomotors. 

Alternators should be designed in the first instance 
for a voltage of 13-15 kV, the final value to be decided 
later. They should be equipped with damper windings 
and high-speed automatic voltage regulators control- 
ling exciters specially designed for quick response, to 
ensure stable operation under all normal or emergency 
conditions. They should also be designed for opera- 
tion as synchronous condensers or reactors to supply 
wattless current for line compensation. Provision 
should be made in the turbine design for the com- 
pressed air equipment required to force the water in 
the draft tubes below the turbine runner shroud rings, 
and for water supplies to the runner clearances during 
these operations. 


Coping with Storms 

In view of the frequency of lightning storms in the 
Rhodesias, and the isolated nature of the plant, it is 
proposed that the auxiliaries in the ‘power station 
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should be supplied from house generators. Turbines 
for these machines will also be of the Francis type, 
and the generator outputs will be kept completely 
separate from those of the main units. In both initial 
and final development provision has been made ac- 
cordingly in the estimates for the installation of two 
5 MW house service units, one to act as standby to 
the other, but this provision should be reviewed when 
station requirements are known more precisely. 

Alternators will be arranged to generate at as high 
a voltage as can be adopted for the type of machine 
under consideration. This probably would not exceed 
15 kV, and it is proposed that generator units should 
be connected by step-up transformers to the main 
busbars, the voltage of which should be that selected 
for the main transmission system. In order to keep 
the high voltage switchgear costs to reasonable limits 
it is suggested that the alternators should be connected 
together in pairs to three-winding step-up trans- 
formers. With this arrangement one high-voltage 
circuit-breaker can be utilised to control two allter- 
nator equipments. In the first stage of construction, 
however, each alternator would have its own trans- 
former with its own high-voltage circuit breaker to 
ensure elasticity of operation until more generating 
power is installed. 


Transformer Units 

Each transformer would consist of three single- 
phase units to form a three-phase bank in order to 
provide equipment which could be shipped and trans- 
ported to site. The transformers, it is suggested, 
should be water-cooled, and duplicate coolers, each 
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Fig. 8. Kafue Gorge from north bank 


capable of dealing with the full load of the trans- 
former, should be provided for each unit, with a 
duplicate system of bus piping to each transformer 
unit. Provided adequate voltage variation can be ob- 
tained with the alternator excitation, it is suggested 
that the transformers should have a fixed ratio, and 
without on-load tap-changing equipment. The trans- 
formers would be accommodated on an extension 
platform outside, and on the downstream side of the 
power station, a location which would permit of short, 
simple connections between the alternator terminals 
and the transformers. 

It is planned to place the high voltage switchgear 
on the roof of the power station. It should be of the 
outdoor type, arranged with duplicate busbars, with 
bus coupler equipment to permit of on-load selection. 
Circuit breakers for the voltage under consideration 
would probably be of the air-blast type, but multi- 
break oil circuit breakers are available, and these 


TABLE I 


Initial Final 
Development Development 
385 MW 1,000 MW 


Costs £ million 


Installed capacity (nominal) 


(a) Civil engineering works and 
generating plant ; 

(b) Generator-transformers 
associated switchgear 

(c) Transmission system and 
step-down transformers at 
receiving stations 


... 32-080 43-600 
and 
1-372 2-740 


10-067 28-164 


Total cost of project 43-519 74-504 
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have some advantages, such as accommodation for 
current transformers. 

The estimated cost of the Commission’s recom- 
mendations, including contingencies and interest on 
capital during construction, but excluding provision 
for re-establishing displaced Africans and the possib!e 
capital contribution to a road or rail connection to 
site is made up for the initial and final developments 
as given in Table I. 

On the assumption that Site 3A is developed, the 
estimated cost of energy based on the estimated 
annual charges at 70 per cent. load factor is given 
in Table II. 


TABLE II 
Initial Final 

Development Development 

Installed plant capacity (nominal) 385 MW 1,000 MW 

(a) Cost of energy ex generators 

(pence/k Wh) ee ma 

(b) Cost of energy sent from 
Kariba (pence/kWh) 

(c) Cost of energy delivered at 

receiving stations 

(pence/k Wh) sas 


0-1570 00832 


0:0899 


0-1656 


0°2525 0-1703 

Any improvement in the load factor over 70 per 
cent. brought about by a territory will result in a lower 
cost per unit. 

For the illustrations accompanying this article we 
are indebted to Mr. Geofirey E. Kennedy. M.A., 
M.I.Mech.E., M.I.E.E., partner of Messrs. Kennedy 
and Donkin, London, and a member of the advisory 
panel of consulting engineers for the scheme, a 
courtesy we gratefully acknowledge. — 





The Rating of Water-Current Meters 


By ROBERT H. DICKMAN* 


The use and importance of current meters are discussed and 
the methods and equipment used at the National Bureau 
of Standards, United States of America, are described. 


O use and control the water in rivers and streams 
most effectively, it is essential to know how much 
water will probably flow during each period of 
the year. Our only recourse at present is to predict 
on the basis of past records. Necessarily, these records 
must be extensive enough to cover all important 
streams and detailed enough to show the variations 
over both short and long periods. Various federal and 


state government agencies and interested groups in 
the United States have been engaged in collecting and 
studying water-flow data for many years. These data, 
which now include most of the water resources of the 
United States, are available for the use of engineers 
in bulletins and records of the U.S. Geological Survey, 
the Corps of Engineers, the Bureau of Reclamation, 
the Department of Agriculture, the International 


Fig. 1. Rating station for water-current meters, U.S.A. National Bureau of Standards 


*Hydraulic Engineer, National Bureau of Standards, U.S.A. 
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Boundary and Water Commis- 
sion, as well as other agencies’. 
Except for very small streams, 
gauging with water-current 
meters is the universal pro- 
cedure for determining these 
discharge data. There is no 
other method for obtaining 
reliable records of discharge as 
expeditiously or as cheaply. In 
using a current meter, the 
engineer lowers the instrument 
into a stream and measures the 
velocity of the water at various 
points and, in the same opera- 
tion, sounds the stream for 
depth across the channel. 
Thus he determines the 
velocity pattern in the cross- 
sectional area of the stream 
and can compute the discharge. 
With this method of water 
measurement, reliability de- 
pends upon the accuracy of 
measuring the cross-section of 
the stream as well as upon 
the accuracy of measuring the 
velocities in the chosen points 
within the section. While the 
measurement of the cross- 
sectional area offers little dif- 
ficulty, some experience in 


determining the water velocities is required. The 
directions or components of the velocities, as well as 
their magnitudes, are important and are influenced 
by the flow pattern upstream as well as downstream 


from the metering section. The engineer has to be 
particularly careful to seek the most favourable 
accessible section in the river where the channel pro- 
vides a straight reach with little variation in depth. 


Requirements for and types of current meters 

The accuracy of a discharge measurement depends 
largely on the ability of a meter to measure the 
component of velocity in the direction of flow. A 
good current meter must have this as one of its 
characteristics. It is desirab‘e also that the meter have 
a linear rating curve to give the same relationship 
between water flow and revolutions of the meter for 
all velocities. In addition, a good meter should have 
very small rotational inertia, so that its response to 
fluctuating velocities will be practically instantaneous. 
In order to possess these characteristics, it must 
necessarily have low kinetic friction. 

Many different meters are manufactured for stream 
gauging as well as for other flow measurements. 
However, essentially they are all similar and consist 
of a rotating element, the speed of which depends on 
the velocity of the water flowing past it, and a contact 
chamber or signalling device which is used to indicate 
the revolutions of the rotor. The rotating element 
may be either a turbine or propeller. Turbine-type 
meters are called differential-acting meters because 
the action of the water on the back of the returning 
cups retards their motion. Propeller and vane meters 
are known as direct pressure meters utilising the full 
impact of the current. 

Most of the meters use an electrical contact 


WATER POWER ‘September 1951 


Fig. 2. 


A Price-type water-current meter 


Fig. 3. An Ott Type V water-current meter 


mechanism which is geared to the rotating element to 
indicate the revolutions of the meter. By connecting 
a dry cell in series with headphones and the meter 
contacts, a field engineer can count the revolutions. 
Other meters are built with recording counters, 
mechanically actuated, instead of contact chambers. 
Although various methods of indicating or recording 
the revolutions of the instrument are used, they are 
unimportant relatively to the hydraulic characteristics 
of the meter except for the amount of friction they 
add. 

In the United States, the current meter having the 
widest usage is of the turbine type. This meter is 
made in different sizes with only slight variations in 
the basic design. The Small Price—Type A, which is 
shown in Fig. 2, has been adopted for most stream 
gauging work in this country. The simplicity of its 
construction, its ruggedness and adaptability make it 
an excellent field instrument. Other me‘ers being used 
in the United States are the Ott meter shown in Fig. 
3, which is used principally for laboratory work; 
the Hoff meter, which was developed for irrigation 
investigations; and the Ekman meter, which is 
particularly suited to oceanography. These are all 
propeller-type instruments. 


The need for rating current meters 

All of these current meters require individual 
ratings if accurate measurements are to be made with 
them. Some manufacturers furnish ratings based on 
the average of ratings made on instruments of the 
same type, yet it is not uncommon to find a 10 
per cent. variation in test runs made at low velocities, 
even with new instruments. The error in the rating 
table or curve of a meter is cumulative and should 
be reduced to a minimum. Because of eddies in the 
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water, errors made in measur- 
ing the velocity at a single 
point in a stream are as likely 
to be large as small, but when 
one considers the many 
measurements taken in a cross- 
section, it is apparent that the 
discharge will probably be well 
compensated for this effect. 
The current meter should be 
rated individually, using the 
same type of suspension which 
is to be used in the field work 
if consistent accuracy is to be 
attained. 

In addition, it is always 
desirable to rate a meter 
periodically to make sure that 
no change has taken place in 
the rating characteristics. In 
using these instruments for 
special measurements, in which 
a high degree of accuracy is 
desired, the meter should be 
rated before and after making 
the measurements to determine 
if any change in rating charac- 
teristics has occurred. To deter- 
mine the variation that may 








Fig. 5. Interior view of instrumentation showing electrical relays, timer 
and condensers for counting the revolutions automatically 


occur in these meters, we rated a Price current meter being subjected to conditions of field use. 

annually for ten years. During this period the meter 

was used a great deal, slight changes were made in Methods of rating current meters 

the mechanism, and it was overhauled several times. There are two general types of rating flumes that 
The following drift in rating was noted for the ten- can be used for testing meters. One is a circular flume 


year period: for 1/4 r.p.s., 3 per cent.; for 1 r-p.s., 


in which a meter is mounted on an arm and towed 


| per cent.; and for 5 r.p.s., 1 per cent. This is a high through the water in a path of relatively large radius. 
degree of stability for a hydraulic instrument that is The other type of rating flume is straight and has a 





rectangular cross-section, and 

the meters are towed along it. 

In the circular flume, correc- 

tions must be applied to allow 

for the angular flow conditions 
* which occur as well as other 
rotational effects, and for these 
reasons the other type of tank 
is to be preferred. 

Some questions have been 
raised as to the advisability of 
the still-water method of rating, 
since the meters are always 
used in running water where 
turbulent conditions exist. 
However, until some accurate 
method of determining local 
velocities in running water is 
found, the still-water method is 
best, as the results are always 
reproducible. In a _ running 
water flume, a turbine meter 
will over-register, and a pfo- 
peller meter will under-register. 
These effects will introduce 
variable conditions which have 
not been evaluated or specified 
concisely. From all knowledge 
we have at this time, for the 
range of velocities and for the 


Water-current meter rating instrumentation conditions under which current 
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Methods of rating at the National Bureau of 

Standards 

The first ratings of water-current meters were per- 
formed by towing the meters at known rates from 
boats or in canals. There was a great need for im- 
provement in the precision of these early ratings, and 
about the year 1913, the National Bureau of Standards 
established a rating station to develop a system for 
improved ratings as well as to help in the research 
needed to increase the knowledge of the use and 
characteristics of these meters. Since this laboratory 
was built, nearly all the meters in use in this country, 
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Fig. 6. Small water-current meter rating, Price Type A 


as well as those from many foreign countries, have 
been sent to it for rating. At the present time about 
1,200 meters are calibrated annually. The need for 
reclamation, irrigation, and water-power projects has 
become greater each year, and the laboratory has a 
constantly expanding programme. 

In the rating of a current meter at the Bureau, the 
instrument is towed through still water in a rectangular 
flume 400 ft. in length, 6 ft. in width, and with a 
usable depth of 6 ft. A series of runs, each about 
100 ft. in length, is made at various velocities, and 
the corresponding rates of revolution for the meter 
propeller or turbine are recorded. Six pairs of towing 
runs are considered a minimum test on an instrument, 
and these are made at velocities best calculated to 
define the rating curve in the range of velocities for 
which the meter is to be used. 

Pairs of runs are made in opposite directions at the 
same speed to serve as a check on the effect of stray 
currents in the tank and to cancel constant currents 
due to thermal conditions which sometimes persist 
for considerable periods of time. The flume is located 
along the side of a hill, so that heat transfer through 
the ground reaches the tank walls unevenly. At certain 
times of the year circulation is set up in the water 
in the flume because of a temperature difference be- 
tween the two side walls of the flume. At such times, 
testing has to be stopped while the water is thoroughly 
stirred to equalize the temperatures. 

After each run, there must be a waiting interval 
which is long enough to allow the disturbances created 
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meters are used, these effects are believed to be small. 





in the water to die out. It has been shown that this 
waiting time varies with the size of the frontal area 
of the instrument and with the velocity of the test. 
For a Small Price meter being rated at 5 ft. per 
second, the waiting time between runs is five minutes. 
These values must be determined by experiment for 
each type of meter. 


Equipment used in testing 

The equipment consists of a railroad type car which 
runs on carefully levelled and aligned steel rails that 
are an integral part of the tank coping. The car is 
motor-driven with an oil-hydraulic system for speed 
control and can travel at velocities ranging from 0-05 
mile per hour, which is below the point at which 
ordinary types of current meters begin to record, to 
about 14 miles per hour. The speed change is con- 
tinuous, and any speed can be held substantially 
constant throughout a test run. 

The wheels of the car and the rails have been 
ground to a smooth finish, but it has been found 
necessary to sweep the rails during a test to remove 
dirt and rust that will accumulate. Any accumulation 
of dirt and rust causes bumps and vibrations in 
operating the car. The vibration is communicated to 
the meter and may seriously affect its operation, parti- 
cularly at low velocities. Brushes are installed on the 
rating car which perform this operation automatically 
during the test. 

Depending upon the depth of a stream, current 
meters are either supported by vertical rods or are 
weighted and suspended from cables. It is desirable 
that the meter be supported during the rating in a 
manner identical to that which will be used in the 
field to prevent possible errors cccurring as a result 
of different relative positions taken by the meter and 
its accessories. It has been demonstrated that even 
the slightest change in the meter mounting yields a 
different rating curve. Consequently the Bureau has 
provided its laboratory with a complete set of rod 
supports and cable suspensions, including all the 
different types of weights that are used. The fastening 
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Fig. 7. Curve showing occurrence of residuals 

conforming to law of error 


of the current-meter supports to the towing equipment 
is effected above the water line. 

In a test run, the following two quantities must be 
determined—the relative velocity of the meter and 
the water and the number of revolutions per second 
of the instrument. These values are found by measur- 
ing the time required and the distance travelled by 
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the meter for a predetermined number of revolutions 
of the meter. This is done automatically by electrical 
equipment shown in Figs. 4 and 5. Two panels are 
provided, because with many types of meters it is 
possible to test two meters simultaneously. This 
equipment is on the car and contains electric relays 
which count the revolutions of the meter and control 
other electrical equipment. Alongside the rating tank 
is a distance scale. When the rating car has reached 
the desired velocity, which is known by observing 
a stroboscopic disc, the test run is begun. Electric 
circuits are closed between the meter, a timer, dart 
pins, and the counting relays. Simultaneously with 
the receipt of a signal from the meter, the timer is 
started and a dart is shot into the distance scale. 
After a predetermined number of revolutions of the 
meter, another dart is shot into the scale, the timer 
is stopped, and the electric circuits are switched open. 

These operations, with the exception of bringing 
the car up to speed, are performed automatically by 
the instrumentation. The distance travelled by the car 
during a test run can be read from the scale by 
observing the two dart positions. The time and the 
number of revolutions of the meter are known. Then 
the velocity and revolutions per second can be 
computed. 

The instrumentation for an alternative method of 
measuring distance has been built and will soon be 
installed on the rating car. This consists of an auto- 
matic distance recorder, geared to the non-driving 
wheels of the rating car. It will be connected electric- 
ally with the present instrumentation in place of the 
dart gun. This device will not shorten the time 
required for a rating because of the necessary waiting 
period between runs, but it will simplify the test 
procedure by eliminating the necessity of picking up 
darts. 


Results of rating 
The rating curve of an ideal meter without friction 


would be a single straight-line relation. However, the 
relation between the speed of rotation and the speed 
of water flowing past a real instrument is affected 
by. friction and hydraulic factors which might tend 
to cause a deviation from the theoretical straight-line 
equation. The test data are usually of a form that can 
be expressed by a second-degree equation. 

For facility in field use, however, linear equations 
have been generally adopted in reporting the water- 
current meter ratings. Most meter curves can be 
closely approximated by a series of intersecting 
straight lines giving sufficiently accurate results, 
except perhaps for very low rates of flow. The 
customary form of the water-current meter equation 
is the reverse of the usual form used for expressing 
the straight-line equation. That is, in the standard 
method of plotting, the velocities are plotted as 
abscissas and the revolutions per second are plotted 
as ordinates, while in the equation the velocities are 
expressed in terms of the revolutions per second, or 

V=mN +a, 
where N is the number of revolutions per second of 
the turbine or propeller, and V is the water velocity. 
The quantity a is closely related to the kinetic friction 
of the instrument, and m is the slope of the curve 
with respect to the axis of ordinates and is related to 
the hydraulic pitch of the rotating element. A rating 
curve is shown in Fig. 6. 
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The data obtained in a test of a meter are either 
plotted on graph paper and the equations of the 
rating solved from the plot, or the equations are 
computed directly from the data. Where it has been 
found through experience that the rating curve for a 
particular type meter always has the same general 
character, the mathematical solution is preferred. 
Determining the equations mathematically removes 
the personal judgment element which is always present 
when drawing a rating curve. A system has been 
devised for computing rating equations on automatic 
calculating machines which provides a check on the 
accuracy of each test run. The residual differences 
(which are the differences between the observed 
values and calculated values as defined by the rating 
equation) are found, and the solution is rejected if 
the sum of these deviations fails to balance, or if any 
deviation is larger than an arbitrary limit set for each 


type of meter. 


Discussion of rating errors 

Estimates of the precision of the ratings may be 
readily obtained by studying the residual differences 
which occur in the ratings. The behaviour of these 
residuals are the best indication of the behaviour of 
the true errors in the ratings. In fact, we may reason- 
ably assume that the errors and the residuals conform 
to the same laws and, therefore, may be regarded as 
a measure of the true errors. If there were no system- 
atic or constant errors present in the test, of course, 
the residuals would be the true errors. 

Data from 103 ratings were examined for the test 
runs made for velocities between } and 2} ft. per 
second. This range was selected because it is normally 
defined by one rating equation. 

A plot of the occurrence of residuals in the current 
meter ratings shows that they do conform to the law 
of error, as shown in Fig. 7, in which the magnitudes 
of the residuals are plotted as abscissae. The ordinates 
of the curve represent the probability of the occur- 
rence of an error, and the points show the number of 
times that the residuals occurred in the ratings studied. 
Ninety-five per cent. of the values fall within 1-6 
per cent. of the final rating equation. The standard 
deviation of the residuals is 0-8 per cent. and the 
probable error of each observation is +0-5 per cent. 

The degree of correlation for a series of these 
measurements as defined in a single rating equation 
will be much greater. Likewise, it is true that the 
degree of correlation for the higher velocity equations 
will be much greater. The probable error of the high- 
velocity equation shown in Fig. 6 is less than +0:2 
per cent. This precision of measurement and probable 
error is of a high order for hydraulic instruments. 

Measurements made in the laboratory directly 
depend upon: 

(1) a timer, 
(2) a counter, and 
(3) a distance scale. 

The instrumentation which controls the devices for 
counting, timing, and controlling the pin guns is 
controlled automatically by the meter itself. It can 
safely be assumed that there is no error resulting from 
counting whole revolutions of the meter. The electrical 
hook-up is similar in principle to that used in the field. 
In the functioning of the instrumentation, the same 
equipment lag should be present at the start of a run 

(Continued on page 341) 
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Analysis of Stress in Flanges 
for Turbine Pipelines 


This article deals with the calculations and determinations of flanged welded 
pipe connections by Timoshenko’s method. With comparatively few and 
simple equations this method enables the designer to arrive at stress values 
in the pipe wall and flanges which are more in conformity with real con- 
ditions than by applying the more commonly used Bach method. 


By GUNNAR ENGLESSON, Trollhattan, Sweden 





HE flanged pipe connections in a turbine plant 
are generally regarded as elements of minor 
importance, and the determination of the pro- 
portions is often made by some “rule of thumb” 
method. Consequently flange thicknesses and bolt 
diameters for given pipe diameters and pressures vary 
greatly. This lack of uniformity renders it more 
difficult for designers to obtain reliable data. 
Sometimes the calculations of the stresses are 
computed by using Bach’s method and assuming the 
flange to be a cantilever with a fixed end at the pipe 
wall. The bending stresses thus obtained are radial 
stresses diminishing towards the outer edge of the 
flange ring. The axial bending stress in the joint 
between the wall and flange ring, the circumferential 
stress in the ring and the influence of the pipe wall, are 
usually negiected. It is therefore impossible to get a 
thorough knowledge of the inter-action, which takes 
place between flange ring, pipe wall and bolt tension 
This interaction is, however, attainable by applying 
the theory of bending and deflection of circular plates. 
WaTeRS and TAYLOR, TIMOSHENKO, HOLMBERG and 
AXELSSON have arrived at a method of calculation 
based on this theory. With the exception of Timo- 
shenko’s, these methods are very complicated and 
cumbersome to use. In order to simplify the calcu- 
lations, Timoshenko made certain assumptions, and 
in so doing arrived at a very convenient method for 
practical applications. SCHULZ and SCHILLER have 
compared the formule developed by these scientists 
and have shown that Timoshenko’s method differs 
only slightly in accuracy from the very much more 
elaborate ones. 
As very little is known, particularly among designers, 
about this approximate solution, I propose to discuss 
it in relation to the analysis of the stresses on large 
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welded pipe flanges. Assuming that the flange ring 
in Fig. | bends under the action of forces to a position 
as shown by the dotted lines, without any S-shaped 
distortion, the radial displacement of any point A ona 
distance y from the neutral axis would be yo. On 
account of this a unit elongation at A would occur 


ye 
equal to— and the corresponding tensile stress: 
x 
Eoy 


o=— 


x 
where E = the modulus of elasticity. 
Denoting by M the external couple acting on the 
ring the following equation will be obtained : 
h 


M=f f o, ydx dy = 
le h 


5 


y?dxdy Eh’ 





Se 
Cc 
To 


E iz 


N | F400 _ 


ry 
where « = — and h = thickness of the flange. 


ro 
The fundamental idea with a rigid ring bending under the 
action of forces without distortion can also be applied to 
guide wheel covers and stay-rings, when calculating stresses. 
Compared with LyUNGBERGs formulas for circular 
plates the error of the approximation is only about 
0-6 per cent at a ratio «, which might occur in turbine 

flange design. 
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Fig. 3. M,, M, and 9 in Fig. 4. M,, M, and ¢ in 
relation to flange thick- relation to pipe thick- 
ness, thickness of pipe s_ ness; thickness h of flange 
constant constant 


By combining the simplified method of stress and 
deflection calculations of circular plates, with that of 
bending of pipes, Timoshenko has arrived at funda- 
mental equations for flange calculations. Owing to 
the action of the force P, the ring would bend, as 
shown in Fig. 2, through a certain angle . A counter- 
acting couple M, and a shearing force Q, both per unit 
length of the inner circumference, will be produced in 
the joint A—B between the flange ring and pipe wall. 
The equation for the twisting moment per unit length 
of the inner edge of the flange will be as follows: 


P (ry ro) Qh 
M, ———— - M, -—........ (3) 
To 2 
Qh 
ed | aE (4) 
9 
P(r, — ro) 
where the external moment M a 
2zro 
From equation (2) the angle will be: 
12r, M, 
i) —————— ......ceeeeee (5) 
Eh’ log « m 
The same angle will be obtained by the bending of the 
pipe wall. 
6 Ms 
OQ = 8M, 9 = ——__ .......... (6) 
E 538 fQ 
1.285 
I a ksi owes (7) 
vVsr 


in which s = thickness of pipe wall 
r = middie radius of pipe wall. 
Equating (5) and (6) the counteracting moment can be 
represented as follows: 
M 
M, —_—_—_—_———- = kM .... (8) 


Bh it (-) log-« 
Bro 

In the same manner, the following formula for the 

twisting moment of the inner edge of the flange will 


be obtained: 
BMA Bh 
= [ ba +. —— M 
2 2 


or M, RRO nee re enn De (9) 
When the ratios k, and k, have been determined it is 
easy to calculate the circumferential stress at the inner 
edge, the axial bending stress at the joint A—B and the 


angle of twist 9 


2 2\s 


M,=M-—M, 
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Eoh 


The maximum tensile stress will be o = — 
. 


Ps 
By combining this equation with equation (5) the 


following formula will be obtained : 
6M, 6k,M 
Ge Sab ere OE rr ) 2. tb 6 (10) 
h?log.« h'log« 
If the wall thickness is s,, the axial bending stress 
becomes: 





6M, 6k,M 
Og = — >... ee eee (11) 
s" 
P Pry 
The axial tensile stress cu — where P = — must 
re 


5} 
also be added, and the maximum axial combined stress 
at the joint A—B will thus be: 








6M, P 
o.=— Pe Caeedewon ses (12 
s* S; 
Qh 


Owing to the shearing couple —, the shearing force 
2 


Q and the internal pressure p, radial stresses are 
produced in the flange ring. It is, however, hardly 
necessary to calculate these stresses as they generally 
turn out much smaller than the axial stress at the joint 
A—B. According to tests carried out by Tuum, 
fracture always occurs at the joint between the flange 
ring and the pipe wail. 

To show how the variations in the thickness of the 
flange A and the wall s influence the rigidity of the 
flange and the magnitude of the couples M, and M,, 
the functions g, M, and M, are shown graphically in 
Figs. 3 and 4. The external moment M is assumed to 
be the same in both cases. Comparing the curves in the 
figures it is seen that for a given flange, the rigidity— 
represented by the magnitude of the angle o— 
increases about the same amount by doubling A at 
constant s or by doubling s at constant A. If the 
flexural rigidity of the flange ring is increased in 
relation to that of the pipe wall, M, diminishes and 
M, increases. The contrary occurs when the flexural 
rigidity of the pipe wall is increased in relation to that 
of the flange ring. 

By the use of an extensometer Thum has measured 
the maximum stress at the joint and the maximum 
circumferential stress at the inner edge of the flange 
ring. With the object of proving the small difference 
between the calculated values and the measured test 
values, the stresses are computed below by means of 
Timoshenko’s method for one of the test flanges. 
The dimensions and the loading can be seen in Fig. 5. 
The stresses are calculated in the following manner: 
From equation (7): 

1.285 


08 


h 
logex can -(= -) == 1).3 


From equation (8): 


== ©.67 cm.-* 


0.346 M 





0.67 x 1.8 11.3 x 0.64 
1 + a 





bo 


2 x 0.67 x 4.2 
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From equation (9): 


0.67 1.8 
M,= uf} _ 0.46( + et = 0.45 M 
2 


5,200 
I-05 sethantes 
2x X 4.2 
M = 197 x 2.4 = 472 kg. cm./cm. 
The maximum stress at the joint will be obtained 
from equation (12), where s,; = 0.95 cm. 
6 =< 0.346 « 472 197 


= 197 kg./cm. 





6, = - 
0.95? 095 
= 1080 + 207 = 1287 kg./cm.? 
The measured test value is given as 1160 kg./cm.? 
The maximum circumferential stress from equation 
(10) is represented by: 
6 x 0.45 x 472 
ot = = 615 kg./cm.? 
1.8? x 064 
The measured test value was 660 kg. /cm.?. 
-————— 
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The types of flanges to be dealt with in this paper 
are shown in Figs. 6 and 7. Fig. 6 shows a flat flange 
without a hub, with a soft packing covering the whole 
face. Fig. 6a relating to flat steel plate flange intended 
for medium head and Fig. 6b a design for a high head 
and constructed with cast-steel flange. Fig. 7 shows a 
flange with hub and recess for the packing. 

Flat flange without hub (Fig. 6). When the flanges 
are bolted together the flange material and the packing 
will be compressed (Fig. 9). As the compression of the 
steel compared with that of the 
soft packing is very small the 
former can be neglected with- 
out any substantial error. The 
force exerted by the bolt; is 
assumed to compress the pack- 
ing equally over the whole 
face. The value of the joint 
pressure is represented by the 
distance A—B. When the ten- 
sile force P in the pipe wall is 
applied, an elongation of the 
bolts occurs whereby the joint 
pressure reduces to the dis- 
tance A - C= p;. Owing to 
the bending moment the flange 
twists a certain angle and the 
joint pressure increases at the 
Outer edge and decreases at the 
imner edge of the flange. In 
order to ensure a tight joint it 
Is assumed that the joint pres- 
sure must not be less than zero 
at the inner edge: With a uni- 
form distribution of pressure, 








Fig. 7 
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Fig. 8 


the distance A—D, must then be twice as large 
as pr. The moment produced by the loading is 
r 


Pro 
M = Pa-+- P,a, — P.a, where P = —— denotes the 


tensile force in the pipe wall and is assumed to act in 
the middle of the wall with a lever arm of a. Further, 
it is assumed that a part of the total load caused by the 
water pressure acts with a force P, over the ring area 


2 
ry —To 
*(" : pant The lever arm of this force 


4 
3 
will thus be a, = —(r, — ro). Pris the resulting force 
8 
of the joint pressure. For the sake of simplicity the 
bolts are assumed to be placed in the middle of the 
ry — To 
flange. The lever arm of P, will become a = 
6 
The magnitude of the resulting force P; can be 
determined in the following manner. As uniform 
pressure distribution is assumed, the value of the 
pressure C — D = p; can be obtained approximately 
by considering an element of the face as a beam with a 
le 
width equal to — x | and a height r,—ro. Therefore 
ry 
6Piatr 
ls 
—(r; — ro)? 
ry 
Further it is assumed that p: is proportional to the 
unit compression /\f 
AtE, 


2pt = 


t 
where E, Modulus of Elasticity of the packing. The 
angle of rotation of the flange 
At 
© 


"2, — 7) 
























6P.aitr 


or 


rr, — ro)®E, 

From the equations (5) and (9) the following formula 
for this angle can also be obtained: 

12rok,(Pa + Pa, — Par) 





9 
Eh*logex 
Equating these two formule the moment of the joint 
pressure will be: 
Pa + P,a, 
P.a, = —————__....... (13) 
tEh®log-« 








1-4 
2E\(r, — ro)*rok, 
It will then be easy to compute the values of M, and 
M, from the equations (8) and (9). 
The total bolt tension is: 
P, = (P + Py + Pildar, ........ (14) 
The first rough estimation of the thickness of 
flanges between 27, = 1000 and 27, = 3500 mm. 
could be determined by using the following formula: 
WERT cccecvecwsens (15) 


Pro 


where P = —. 
= 


- 


k varies between 0-1 for thin pipe- 
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Fig. 9 


walls and 0.12 for thick walls. The size and number of 
bolts can tentatively be fixed by assuming the bolts to 
carry a load about three times the longitudinal 
hydraulic load. The bolt pitch should not be made 
smaller than 2.25 = bolt diameter and not larger than 
3.5 bolt diameter. The lower limit is determined by the 
fact that sufficient space must be available for the 
spanner and the upper limit will just give uniform 
distribution of the bolt tension over the whole packing 
area. The bolts are assumed to be placed in the middle 


338 








Numerical Example. Table I. Flange, Fig. 10 














| Acc. to 
Symbol Dimension equation Numerical 
| or figure value 
cm.-* % 0.082 
loge « Fig. 8 0.13 
Pp kg./cm.? 10 
P kg./cm. 625 
P, an 44 
P| x4 13 1,200 
Ps |} kg. 14 1.46 x 108 
ke 8 0.575 | 
bs 0.235 
M kg. cm./cm 1,580 
M, ei 8. 910 
M, re 9, 370 
So | kg./cm.? 11 1,360 
Ga ” P 1,672 
ot os 10 270 





of the flange width r, — ro. 

By computing the axial bending stress o, it should 
be noted that by increasing the flexural rigidity of the 
flange in relation to that of the pipe wall the section 
where the maximum stress occurs will be moved 
farther away from the flange. It will therefore be 
necessary to employ for a section modulus equal to 
s* h 
— when the ratio — exceeds approximately 3. 

6 Ss 

The numerical example given in Table I shows how 
the stresses are computed in a flange when the dimen- 
sions and loading are in accordance with Fig. 10. 
The ultimate strength of the flange material is 4,000 
kg./cm.* and that of the bolts 5,000 kg./cm.*. The 
modulus of elasticity of the flange material is 
E = 2.15 kg./cm.? and of the packing FE, = 300 
kg. /cm.?. 

With only one packing, t = 0.15 cm., the bending 
stress will be reduced to co, = 810 kg./cm.*. In case 
the bolts are not pulled sufficiently tight, so causing the 
joint to open somewhere between the inner edge and 
the pitch-circle of the bolts, the axial bending stress 
will be increased. Assuming thereby a joint pressure 
equal to zero at r, = 1,355 mm. the bending stress 
will be ¢, = 2,100 kg./cm.? by using two packings, 
and o, = 1,380 kg./cm.? by only one packing. The 


p47 ~5 *20 
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eon nn nn --------- Iy*1490 -----------------° 
Fig. 10. Example I, dimensions of flange; the curve 
shows the decrease of M, with the distance from the 
flange ring. Internal pressure p = 10 kg. per sq. cm. 
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internal water pressure was assumed to act on an area 
circumscribed by the bolt circle. Such conditions 
would naturally involve leakage through the bolt 
holes. 

If a higher quality of steel for the bolts is selected, 
with for instance, an ultimate strength of 8,000 
kg. /cm.*, it will then be possible to use 64—1} in, 
bolts instead of 56—24 in. bolts as chosen in the 
numerical example. The dimensions of the flange can 
then be made considerably smaller with a reduction 
in weight amounting to about 40 per cent, maintaining 
the same stresses in the flange and in the pipe wall. 

The moment M, decreases with the distance from 
the flange in accordance with the curve shown in the 
Figure 10. The variation of M, can be obtained 
approximately by dividing the pipe wall into a number 
of equal ring elements and applying the shear forces 
Q and the moments M, at the cross-sections. Step by 
step M, can then be calculated at each section. 

Flange with hub and recess (Fig. 7). The dimensions 
of a loose flange ring reinforced with a hub can also 
be determined by using the equations (8) and (9). 
The height of the hub A, should, however, be such 
that BA, = 2 or h, = 1 56y/Sor. If the height of the 
hub is less than stated above the equation (6) should 
be replaced by: 

n6M, 
Q = mBM, and 9 = 
BEs,® 
The values of m and n are given in Fig. 14. The 
equation for M, can then be represented in the follow- 
ing form: 















































These equations can also be used with sufficient 
accuracy for a hubbed flange welded to a pipe if only 
the height of the hub is not too low. As will be shown 
later the error will be very small even with a height 
equal to A, = 0.52,/syr compared with results 
obtained with the exact method. The strength of the 
hub (generally tapered) is taken into consideration by 
simply assuming a cylindrical wall with a mean 
thickness equal to s, as shown in Fig. 11b. 
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Fig. 12. Example Il. The curve shows the decrease 
of M, with the distance from the flange ring. Internal 
pressure p = 10 kg. per sq. cm. 


For this type of flange the bending moment will be 
increased by the force P; and equal to: 
M = Pa + P,a, — Pia: 
Pro 
where P = —— and is presumed to act in the middle 
9 
r,? — ro" 
of the wall s,. P; = p{ —— 
2ro 
due to the internal water pressure acting on the ring 
area 7(r,” — ro”). The arm of this force, assumed to 
act in the middle of the distance r, — rg is aj. 

A joint pressure twice that of the internal pressure 
will be appropriate to ensure a tight flange connec- 
tion. This presumption has been verified in tests made 
by RAIBLE. 

The force due to the joint pressure thus becomes: 

2p(r.,” — r4”) P(r,’ rar r,4”) 
’ = 
2ro ro 
and it is assumed to act in the middle of the tightening 
ring area. 

With regard to the height /, of the hub it is advisable 
to design this part of the flange with a slender taper 
from the hub thickness s, at the ring to the pipe wall 
s. If the hub is made low and stout as shown in Fig. 13 
the maximum axial stress will occur where the hub 
is joined to the pipe. 

ESSLINGER and SCHILHANSEL, independent of each 
other, have analysed the stresses in turbine flanges 
designed with low hubs and have both used the exact 
and elaborate method. In order to see what accuracy 
can be obtained by using the approximate method the 
stresses in the joint between the hub and the pipe wail 
for such flanges have been computed by applying the 
equations (8) and (9). It should, however, be noted 
that the moment of inertia for the ring in these 
formule has to be replaced by that of the combined 
flange and hub, as these two elements in this case are 
assumed to bend without distortion according to the 
shaded area in Fig. 13. Comparison of the numerical 
values of the stresses thus obtained with those given 
by Esslinger and Schilhansel show a very small 
difference, in fact only 4 per cent. 

The calculations of the stresses in this type of flange 
can, as a suggestion, be made in the following manner: 


) denotes the force 
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with a flange thickness of about 4 = 0.14/Pa and a 
height of hub preferably not less than h, = 0.84/s,r 
the flange can be outlined; and when a suitable joint 
pressure has been assumed, for example p: = 2p, the 
size and number of bolts can be determined from: 

P, = (P + P, + Pi) 2ure ....... (14) 
M, and M, can be taken from equations (8) and (9) or 
(16) and (17), depending on the height of the hub. The 
stresses co, and o; can then be calculated by using the 
equations (12) and (10) respectively. 

For comparison, the flange with a high hub 
analysed by Schilhansel has been chosen as a numerical 
example ; the dimensions can be seen in Fig. 12 and the 
calculated values are given in Table II. According to 
Schilhansel, the axial bending stress in the joint 
between flange ring and hub will be o, = 930 kg. /cm.?, 
against og = 900 kg./cm.? calculated with the approxi- 
mate method. As already mentioned, Schilhansel has 
applied an exact theory, which requires very pains- 
taking work. Though highly valuable as a reference 
such a calculation, taking three to four days to 
complete, would certainly be out of question in 
practice. By applying the approximate solution 
described in this paper it will take less than half an 
hour to arrive at the principal stresses. 

As shown in Fig. 12 the moment M, decreases to 
about 1,100 kg.cm./cm. at the joint between the 
tapered hub and the pipe wall. The bending stress in 

6x 1,100 
a 1,650 kg. /cm.? 
22 

which is a very much higher figure than in the joint 
between the ring and hub. In order to make the stresses 
equal in these two sections it would be necessary to 
increase the height of the hub to approximately 140 
mm., equivalent to A, = 0-8+/sar or BA, = 1.03. In the 
numerical example the height of the hub is assumed to 
be 90 mm., corresponding to h, = 0.527/syr. 

If the flange shown in Fig. 12 is made with a low 
hub, 4, = 4cm. and s,; = 4cm., and subjected to the 
same internal pressure p = 7.3 kg./cm.?, the stress in 
the section where the hub joins the pipe wall will be 
considerably increased. By using the approximate 
method the named stress will be og = 3,000 kg./cm.? 
and with the exact theoretical method used by 
Schilhansel, og = 2,890 kg./cm.*. The high stresses 
occurring in low hubbed flanges show the necessity 





this section will be ca» = 


Numerical Example. Table Il. Flange, Fig. 12 





Acc. to 
Symbol | Dimension equation Numerical 

| or figure value 

) | em! 7. | 0.074 
logex | Fig. 8 0.13 
p | kg./cm.? 7.3 
P kg./cm. | , 365 
P, ” | | 44 
P; ss | 18.3 

P; kg. 14. | 270,000 
Bh, 0.67 
m Fig. 14 ~ 2 
n Fig. 14 | ~ 4 
ko 17. 0.727 
ky 18. | 0.06 
M kg. cm./cm 3,270 
M, a 17. 2,400 
M, | a 18. | i97 
So | kg./em.? | 11. 900 
Oa ~ 12. 992 
Gt ; 10. | 570 
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Fig. 13. Flange with low Fig. 14. The values m and 
hub n in relation to Bh 


of a close study of such designs with regard to strength. 


Conclusion. 

The method of calculating stresses in flanged welded 
pipe connections, considered in this article makes it 
possible for the designer to get a good knowledge of 
the strength of flanges. It is doubtful whether the 
more refined and exact methods to which reference 
has been made are of much practical use for the 
designer. The calculations are mostly based on 
uncertain presumptions. Take for instance the deter- 
mination of the magnitude of the external moment, 
which entails a certain error. Owing to the inclination 
of the loaded flange the resultant bolt tension will be 
moved inwards causing bending stresses in the bolts. 
According to tests carried out this reduction in the 
arm of the bending moment can be as much as 
30 per cent of the theoretical value. The bolt tension 
produced by pulling up the nuts is another uncertain 
factor, mostly depending on the physical strength of 
the erector. 

Obviously, the calculations should be based on 
data obtained by tests carried out at site. It is thus 
important to select a method which holds true as near 
as possible over a large field and in which the inter- 
action between the pipe wall and flange ring is taken 
into consideration. 

Generally, it would be better to devote more time 
than usual at the drawing board stage to analysing the 
stresses in flanges. Frequenily with a flange such as is 
shown in Fig. 6 the flange rings deflect too much, 
causing leakage through the bolt holes. Generally 
nothing remains but to tighten the threads with tow 
yarns and to insert copper-washers under the nuts. 
This is a rather costly and time-wasting procedure 
which may ultimately result in a tight flange connec- 
tion, but it cannot be regarded as other than faulty 
from the design point of view. 


REFERENCES 


(1) Waters and Taylor: “‘The Strength of Pipe Flanges.” 
Mech. Eng. Bd. 49 (1927) s. 531 0. s. 1340. 

(2) Holmberg and Axelson: “‘ Analysis of Stresses in Circular 
Plates and Rings.” Trans. A.S.M.E. Applied Mech. Ba. 
54 Nr 2, jan. 1932. : 

(3) Ljungberg: Cirkulara och ring formiga skivors spanningat 
och nedb6éjningar.” Tekn. Tidskrift (1920) s. 46. 

(4) Waters, Wesstrom and Williams: ‘Design of Bolted 
Flanged Connections.” Mech. Eng. Bd. 56 (1934) s. 736. 

(5) Schulz und Schiller: ‘‘Wie berechnet man Flanschver- 
bindungen.” Die Warme Nr 31 (1935) s. 493. 

(6) Thum: ‘ Maschinenelemente-Tagung. Diisseldorf (1939) 
‘2. 

(7) Esslinger: ‘‘Zur Flanschberechnung.” Wasserkraft und 
Wasserwirtschaft. Heft. 2 (1941) s. 44. 

(8) Schilhansel: “Beitrag zur Berechnung von Flansclivet- 






WATER POWER ‘September 1951 





ee. 68 OS ot Mm a ele 


ep 





ircular 
“h. Ba. 


:ningar 
Bolted 
s. 736. 
schver- 

(1939) 

aft und 


ischivel- 


1951 


bindungen.”” Wasserkraft und Wasserwirtschaft. Heft. 7 
(1941) s. 162. 
(9) Raible: ** Dissertation.”.—Techn. Hochschule, Stuttgart. 


List of symbols 
Description 


Symbol Dimension 





Inner radius of pipe. 





Cuter radius of flange. 





“Pitch radius of bolt holes. 





Outer and inner radius of 
packing. 





Ratio of outer and inner radius. 





Flange thickness. 


Height of hub. 








Thickness of pipe wall. 





Thickness at joint. 





Mean thickness of hub wall. 





Thickness of packing. 





Internal water pressure. 





Tension in pipe wall per unit 
length of inner edge. 





| Tension due to internal water 
pressure between the flanges 
per unit length of inner edge. 





Symbol Dimension Description 





Resulting tension per unit length 
of inner edge. 





Arm of P 





Arm of P,. 


a Pe Arm of P:. 


M kg.cm./cm. 


Moment of loading per unit 
length of inner edge. 





Counteracting moment per unit 
length of inner edge. 








Twisting moment per unit length 
of inner edge. 





Pipe coefficient. 





Shear force at joint per unit 
length of inner edge. 





Maximum circumferential stress. 





Axial bending stress. 








Tensile stress. 





Combined stress. 


Modulus of Elasticity of flange 
material. 








Modulus of Elasticity of pack- 
ing material. 








From page 334 


as at the end of that operation. Any small error in 
measuring the time during a test run is not a factor 
either, since the time is common to both velocity and 
revolutions per second, and the constant a is small. 
Any small error in reading or indicating the time will 
be cancelled out consequently. 

One small source of error in the primary measure- 
ments is in determining distance during a run. 
Actually the distance the car travels is measured, and 
this distance can be read from an accurately calibrated 
scale to +0-1 ft., which would account for a very 
small error indeed in computing the velocity of travel 
of the meter through the water. However, since the 
water in the tank is not perfectly still, some of the 
precision of this measurement is lost. But any 
systematic error or constant error which could occur 
during the rating due to this phenomenon is well 
nullified by reversing the direction of a test run at the 
same velocity of the car. 

If we take the conditions under which the instru- 
ment is to be used as our criterion for the test, we 
have already discussed a source of error which is 
indeterminate in amount. This source of error is 
always present because of the differences in using a 
current meter in running water and rating it in still 
water. Another source of error might be present, since 
the ratings are performed in clear water instead of 
water containing silt, which may sometimes be the 
case in field use. These systematic errors are due to 
differences between the test runs and actual field 
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usage. They are not errors in the sense of being 
accidents or inaccuracies, but rather are the effects 
of certain influences which are variable in field use 
of the instrument and which, therefore, cannot be 
controlled or corrected for in the ratings. But from 
the experience of field engineers, it has been concluded 
that these differences are small. 


REFERENCE 
"Geological Water-Supply Papers, United States Department 
of the Interior. Obtainable from the Superintendent of 
Documents, Government Printing Office, Washington 25, 
DC. 





Lancashire Dynamo Holdings Ltd. The registered 

office of this firm has now been transferred to 94 
Petty France, London, $.W.1, to which the Lancashire 
Dynamo & Crypto (Mfg.) Ltd. has likewise been 
transferred. The latter subsidiary will be entirely 
responsible for the activities of the Trafford Park and 
Willesden Works. 
Polyphase Watt-Hour Meters. A_ well-produced 
12-page pamphlet issued by The English Electric Co. 
Ltd. describes the range of polyphase watt-hour 
meters now produced at the firm’s instrument works. 
Single-phase instruments have been manufactured by 
the company for a number of years and the produc- 
tion of polyphase integrating meters is thus a logical 
development. The construction of the instruments is 
fully described, performance curves are given and 
there are dimensional outlines showing the fixing 
details. 
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HE power development proposed by the City of 
Tacoma, one of the largest and oldest municipal 
utility operations on the West Coast, will include 

the construction of two dams on the Cowlitz River 

in the western part of the State of Washington. The 
first of these, the Mayfield dam on the Cowlitz River, 
will have a difference of elevation between the tail- 
water level and reservoir level amounting to 185 ft. 
and the operation of the hydro-electric scheme is 
anticipated to involve a variation of two feet only in 
the reservoir level. This practically constant head 
simplifies the operation of a ladder for the ascending 
fish and the projected installation follows what may 
now be regarded as standard practice. Thus it is pro- 
posed to have a succession of pools 8 ft. wide and 

16 ft. long with 12 in. difference in level between each 

and a 12 in. depth of overflow, with provision, if 

desired, for submerged ports. Also, to afford the fish 
periods of rest, it is proposed to have double-length 
pools placed between each group of 10 to 15 suc- 

cessive steps. Details of this ladder are given in Fig. 2 

but it is now proposed to extend the foot of the ladder 

to a point well downstream of the powerhouse and 
to provide a diagonal barrier across the stream to 
divert the fish into the lowermost compartment. To 
stimulate the entry of the fish a supplementary flow 
of water may be provided at the entrance by pumping. 

A similar arrangement is contemplated for the 

Mossyrock dam which is projected about 14 miles 

upstream, but where the difference in level to be 

negotiated amounts to a maximum of 325 ft. Here, 
moreover, the reservoir level may vary as much as 

100 ft. and provision will have to be made to dis- 

charge the fish ladder at varying elevations, pumping 

the water if necessary for both the ladder and a chute 
connecting the head of the pass with the reservoir. 

This arrangement involves no problem in design that 

has not been satisfactorily solved in actual practice, 

and experience with some of the Northwest dams— 

Buckley, for instance, on the White River—indicates 

that upstream migration can be successfully accom- 

plished over greater heights than the one involved at 

Mossyrock. The possibility of using a lift also exists 

and here again no problems are presented which have 

not been solved before. 


Design and Operation 

The difficulties presented by the downstream 
migrants, however, are of a more tricky nature. Two 
major problems are involved—first, screening the 
intake in such a way that the migrants cannot enter, 
and second, and this applies to Mossyrock alone, 
collecting the fingerlings at various depths of the 
reservoir level and releasing them at base level. In 
neither of the dams is it anticipated that the fish will 
be discharged through the crest gates as the river flow 
will be regulated to avoid all spillage other than that 
which may rarely occur by a flood of quite ex- 
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A Fish-Pass Problem 


Some particulars are given of the co-operative measures taken to 
ensure fish preservation in the Cowlitz River on which it is pro- 
posed to erect dams for the generation of hydro-electric power. 





ceptional magnitude. Such a flood would represent 
emergency conditions but even so it is confidently 
anticipated that any fingerlings which got over the 
spillways at either dam would come to no harm, as 
the discharge would be designed to minimise 
turbulence. 

For the fingerling screens, the two design factors 
which have been found to be critical, in the experi- 
ence of the Game and Fisheries Departments of the 


State of Washington and the U.S. Fish and Wildlife 
Service, are that the water velocity through the screens 















































Fig. 1. View of the Cowlitz experimental model for 
descending migrants at the Alder dam 
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Fig. 3. General plan and cross-sections of Mossyrock dam showing projected fishway 


should not exceed | ft. per second over the entire area, 
and that the screens be no coarser than five meshes 
to the inch. In both the Mayfield and Mossyrock 
designs, of course, these two criteria have been 
observed and the screens will be of the stationary 
type with provision for removal for cleaning purposes. 
Confidence in the success of these arrangements is 
strengthened by experience at Little Port Walter, in 
Alaska, where a similar installation has given satis- 
factory service over a period of four years. 

An objection made to these two schemes was that, 
as yet, no deep penstock intake has ever been screened 
successfully for fish, but in point of fact, an instance 
is afforded by an installation owned by the Los 
Angeles Water and Power Board. This is operated 
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for domestic water supply and the depth is 130 ft; 
these screens are two mesh so that the five-mesh 
screens contemplated for the Cowlitz development 
will afford a much higher margin of safety against the 
entry of the fingerlings. 

To establish the feasibility of screening water in 
depth, without entailing clogging difficulties that 
would be intolerable in practice, a test unit was 
erected at the Alder dam, where water from the en- 
trance to the penstock was pumped to the surface 
from a depth of 210 ft. (Fig. 1). This water was 
pumped through a 4 in. dia. pipe and passed through 
a screen at a velocity of | ft. per sec. throughout the 
total area of 0-5 sq. ft. The box into which the water 
was discharged for passage through the screen was 
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Fig. 4. Sectional elevation, Cowlitz river bed, showing Mayfield and Mossyrock projects 


covered at the top to exclude light but some day- 
light did fall on the screen from the open end. The test 
was run for a period of 60 days and no appreciable 
clogging took place. There was, however, a gradual 
diminishment of the effective area, and at the end 
of the test a considerable growth of algae was found 
both on the screen and on that part of the box exposed 
to daylight. The growth on the screen was easily 
removed by washing and did not make more than a 
nominal difference in head between the inlet and dis- 
charge heads. Anything of the nature of a trouble- 
some colloidal or gelatinous accumulation was entirely 
absent and after a simple washing the screen was re- 
inserted for a further test run. Seeing that the screens 
at Mossyrock would be cleaned at intervals of much 
less than 60 days there would seem to be no reason 
to doubt that the intakes to the penstocks could be 
successfully sealed against fish and without detriment 
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Downstream Migration 

At both plants the design of the screens is such 
that there will be some transverse movement of the 
water along the face of the screen; that is, they will 
net be set at right angles to the flow of water into the 
intakes. With the low velocity allowed, the down- 
stream migrants can thus be expected to drift along 
the screen without being trapped against the mesh, 
and so find their way to the unscreened passageway 
where a speedier flow will provide some stimulus for 
the fish to enter the top of the ladder. 

At Mayfield the normal type of ladder will be 
designed to discharge the fish some 2,000 ft. down- 
stream from the dam, but at Mossyrock the operations 
are complicated by the necessity to have some locking 
arrangement to accommodate the varying levels of 
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Fig. 5. Downstream fishway intake, Mayfield dam 
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Figs. 6 and 7. Two views of the Mossyrock model 
showing the passageways and other features 






the water in the reservoir. These arrangements are 
shown in the accompanying drawings, Figs. 3 and 5, 
while Figs. 6 to 8 represent various cross-sectional 
views of the model made to explain the method of 
handling the downstream migrants. Beginning at the 
dam face, / represents the intercepting riser, with 
entrances at various levels to communicate with the 
collectors 2 through the passageways 3. A screen 5 
is provided near the bottom of the collector below 
which there is a discharge valve 6. To control the 
entry to the collector there is a valve 7 in entrance 3, 
while 7a is a drawdown bypass valve connecting with 
the discharge flume 9. The ‘passage connecting the 
flume with the collector above the screen is controlled 
by a discharge valve 8. At the top of the collector 
there is a vent /2, while /0 and // are the flush and 
refill valves and the discharge flume weirs respectively. 

It will be seen that the arrangements consist of two 
separate set-ups, one applied to the penstock and the 
other to upper reaches of the reservoir above the 
penstock inlets. Both have the same arrangement for 
transporting the fish into streams of water entering 
the collecting chamber, where the fish are retained 
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until ready for the locking operation. This is effected 
by the manipulation of the valve system and the fish 
are collected and released at intervals, being finall, 
discharged into the flume which leads down to tail- 
water level. 

To demonstrate the effectiveness of these facilities 
a test model was set up at the Alder dam which has 
a difference of 250 ft. between the inlet and outlet 
levels. In this model all the pertinent physical con- 
ditions such as the velocity of the water, size of fish 
handled, timing and so on were made to correspond 
with the full-scale operations proposed for Mossy- 
rock. The difference was in dimensions only, the 
passageways and collecting chamber being roughly 
one-tenth full-scale size. Consequently, while the 
fingerlings remain the same size, the areas in the 
model are reduced to 1/100 in the conduit and 1/80 
in the chamber when compared with the practical 
design. 

From an inlet chamber at the top a 6 in. diameter 
pipe was led down the 37 deg. slope at the end of the 
Alder dam (Fig. 1) to a collecting chamber at the 
bottom, the whole being equipped with valves, port 
holes, air vent, pressure gauge, discharge facilities, 
weir, and all that was necessary for collecting data 
on the behaviour of the fish. The facilities envisaged 
for Mossyrock make provision for attracting the fish 
into the collecting chamber in which they can seek 
their own pressure level, but this refinement was not 
practicable with the model, in which the fish were 
necessarily confined at maximum pressure until the 
time came for their release. In consequence they were 
confined for periods of 20 min. or longer depending 
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on the volume of fish migrating. 
Relief of the pressure is ob- 
tained by stopping the inflow 
at the top and bleeding the 
whole system down through a 
comparatively small opening, 
regulating the flow so that the 
pressure release from 250 ft. 
of head to about 10 ft. of 
head was achieved in periods 
ranging from a few minutes to 
an hour. At the end of the 
pressure-release period the fish 
were discharged, together with 
the water still remaining in the 
system, into a collecting box. 
Here it was possible to observe 
the condition of the fish and 
to demonstrate whether or no 
they had suffered any detriment 
as a result of their transporta- 
tion through the tube and quick 
release through the terminal 
opening. 

The test data include records 
as to the introduction of the 
fish, their transportation down 
the 6 in. pipe, the application 
of the maximum pressure due 
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to the static head, the reduction of this pressure 
over a period of 45 min., the retention of the 
fish for a period of 18 min. in the collecting 
chamber, their examination for condition, and 
a record of their continued survival for at least 
a week following the test. Observers from the 
Departments of Fish and Game and of the U.S. 





Fig. 8. Another view of model 
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Fig. 9. Mossyrock dam, projected arrangements for 
downstream migratory fish 


Fish and Wildlife Service were present when the tests 
were made and also inspected the operation of the 
screen tests made at the Alder dam. 

Inasmuch as the facilities which must eventually 
be provided for permitting the passage of descending 
fingerlings will be subject to Federal Power Commis- 
sion stipulations and such facilities included in the 
licence for the project, and since the granting of such 
a licence has been the subject of a hearing before the 
Federal Power Commission in which all parties have 
expressed their viewpoints, it was not possible to 
obtain a unanimous expression regarding the effec- 
tiveness of these facilities at the time of the tests. 

Officials of the City, however, feel that the experi- 
ments demonstrate that a satisfactory design and 
operation of facilities can be obtained. Such is the 
value of the experiments that it is proposed to allow 
the installation to remain in service for an indefinite 
period so that exhaustive data may be obtained. But 
in spite of the fact that the most extreme conditions 
have been imitated as criteria, the results so far here 
obtained have demonstrated very effectively that the 
facilities projected for the Mossyrock dam will be 
perfectly practicable. Further tests may show that a 
less complicated construction, simpler to operate, will 
serve to transport the descending fingerlings safely 
through the dam, but the tests do give an absolute 
assurance that a complete answer can be provided. 
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Fundamental Economics in 


Hydro-Electric Design 


A Paper recently presented to the Institution of Civil Engineers by 
C. M. Roberts, M.Inst.C.E., dealt principally with fundamental 






design factors, with regard to the preliminary investigation 
into the possibilities of hydro-electric development within a 








N the hydraulic design of hydro-electric schemes, it 
[is first necessary to investigate the long-term aver- 

age rainfall and, what is more important, the long- 
term average run-off. Sir Alexander Binnie gave care- 
ful study to long-term rainfall records, and his con- 
clusions were that the deviation from the average for 
periods of observation up to 35 years, at the end 
of this period, fell to within 2 per cent., which 
was less than the error inherent in the methods of 
measurement. From this it was concluded that if rain- 
fall records of from 30 to 35 years are available, a 
very great degree of accuracy in the estimation of 
long-term averages can be obtained. In general, how- 
ever, such detailed information is not available, and 
the author pointed out that this constitutes a reason 
for establishing rain gauges as soon as possible in 
those areas where promising weather conditions exist 
for future hydro-electric development. 

In regard to the long-term average run-off, it was 
found that very similar conditions obtained, i.e., 
about 30 to 35 years was necessary for really accurate 
forecasting. In many cases the run-off is derived from 
the long-term average rainfall figures, with allow- 
ances made for losses due to absorption, evapora- 
tion, and so on. Sometimes these could be estimated 
with reasonable accuracy, but this was not always 
the case. A check could be made by direct measure- 
ment of river flow over a period of 10 years, and it 
was of great advantage if these direct measurements 
were made either continuously or at short intervals of 
time; for instance, daily. 

The author thought that the flow hydrograph, i.e., 
the direct method of plotting continuous records, was 
of limited practical use, but that it could be re- 
arranged and completed non-dimensionally in the 
form of a flow-duration curve which indicated for 
what percentage of the total-time the flow exceeded 
any given value. There were widely different flow 
duration curves for different types of catchment. 

From the summation of discharge plotted against 
time, the classical mass curve was obtained, but this 
was of little practical value in its initial form. A 
derivation from this curve, however, could be ob- 
tained which was of considerable use. In order to 
find the amount of storage required to provide any 
particular regulated draw-off, lines representing draw- 
off were plotted from a point on the mass curve, 
chosen by inspection to give the worst conditions. 
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particular catchment area. 





For constant rates of draw-off these lines were 
straight, and the various amounts of storage required 
could then be estimated. 

In the case of run-of-the-river schemes, it was 
usual to install a conduit having a capacity several 
times greater than the average tlow. If the conduit 
was capable of handling twice the average flow, the 
water represented by the area under the flow dura- 
tion curve—about 72 per cent. of the total run-off 
in a typical case—could all be utilised. Curves and 
data given in a table showed the value of installing 
a conduit and plant capable of handling more than 
the average flow. Although run-of-the-river schemes 
did not require uneconomically large plant installa- 
tions and conduits to achieve a high utilisation of the 
water available, and could be operated in a grid 
system consisting of mixed steam and hydro-electric 
stations, schemes having some storage usually proved 
more economic and useful if a reasonable location 
for the storage was to be found. 

The author gave a number of practical examples 
of the value of storage to run-of-the-river schemes, 
and showed that although an increase in storage 
capacity from 55 to 82 per cent. only gave a 6 per 
cent. improvement in firm output, nevertheless, in the 
general case, for a given capital expenditure, a 
greater increase in firm output could be obtained 
either by partially regulating run-of-the-river schemes, 
or by providing storage at an entirely new develop- 
ment in another catchment. 

The nature of the load to be served became a 
factor of great importance when considering how, for 
a given amount of storage, the utilisation of the water 
could be increased. By increasing the amount of 
generating capacity installed. it was often possible to 
increase the output during wet years, and thus ob- 
tain a higher practical utilisation. This assumed, 
however, that a grid system was available to absorb 
the extra output by shutting down steam generating 
plant; or that the total output which, during wet 
years, is normally greater than the firm output, could 
be reduced to the firm output during dry years with- 
out adversely affecting the consumer. Unfortunately, 
it was not yet possible to predict weather sufficiently 
far ahead to enable storage to be operated at the 
maximum possible efficiency, and the danger of over- 
running the scheme in the wetter seasons and of 
being unable, therefore, to produce the firm output 
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during a subsequent dry spell, always existed. 

In hydro-electric plants, civil engineers had little 
authority when it came to operational methods. Some 
of the greatest potential inefficiencies in hydro-electric 
developments were found in this sphere. Spot checks 
on the operating efficiency of a large hydro-electric 
station taken over a period of years showed wide 
variation between upper and lower limits of observed 
station efficiency, this varying from about 65 to 85 
per cent. ; 

Among the reasons for power operating efficiency 
were several significant factors, each of which could 
cause considerable losses. For example, the method 
of distributing the load between sets in a generating 
station could be quoted. In a hypothetical station con- 
sisting of five equal generating sets, the best arrange- 
ment of the sets to produce a given load could be 
set out in graphical form, and this was done in the 
paper by showing a one-machine zone, a two-machine 
zone, and so on, up to a five-machine zone. Any given 
output could best be produced by the particular 
arrangement of sets in the zone within which it fell; 
for example, a load of 3-4 MW could be produced 
either by three machines working on slight overload, 
at an overall efficiency of 80 per cent., or by four or 
five machines working at less than full load at an 
overall efficiency of 85 per cent. For smaller loads 
the differences in efficiency were equally striking. A 
strict operating regime should be adopted to suit the 
plant arrangement to the load at all times, or a 
serious drop in overall efficiency was inevitable. 

Dealing with structural considerations and their 
relation to economics of hydro-electric design, the 
author first touched on types of dam. It was stated 
that owing to extensive research it was now possible 
to design an arch dam which would be as safe as any 
other type, providing that site conditions were appro- 
priate. In a suitably shaped valley an arch dam could 
prove to be far cheaper than any other kind. The 
modern rock-fill dam with a concrete membrane and 
natural slopes on the upstream and downstream 
faces, was nearly always cheaper than one of the 
gravity or buttress type, if suitable rock spoil was 
available in sufficient quantity from a nearby tunnel. 
If, however, rock for construction had to be specially 
quarried the reverse was usually true. In any case, 
the choice between a gravity and a buttress dam was 
often influenced by considerations other than those 
of safety and economy—in particular, the availability 
of materials.and classes of labour. 

A comparison of the costs of various types of dam 
on two sites was made in the table reproduced here- 
with. In both sites the quantity of rock spoil from 
nearby tunnels was insufficient to make a rock-fill 


design economic. Earthquake movement and founda- 
tion settlement were not major considerations, and 
the three designs at site A were all for a maximum 
height of 134 ft., and a crest length of 950 ft. Sound 
rock existed fairly near the surface, and a rock 
mound, approximately in the centre of the cross sec- 
tion, suggested consideration of a double-arch dam 
with a central concrete abutment, which, however, 
did not prove economical. Since site conditions were 
favourable for either a buttress or a solid gravity 
dam, the difference in capital costs demonstrates that 
the extra cost of the better quality concrete required 
and the more complicated shuttering of the buttress 
dam, is more than offset by the saving in the actual 
volume of the concrete. 

The valley at site B was V-shaped in cross section, 
the proposed dam being 240 ft. high and 930 ft. long. 
Investigation of a single-arch design showed that the 
valley was not sufficiently narrow for so high an arch 
to be economic. Again, with sound rock fairly near 
the surface the buttress dam proved considerably 
cheaper than the solid gravity dam. 


EXAMPLES OF COMPARATIVE COSTS FOR 
DIFFERENT TYPES OF DAMS IN SPECIFIED 
CONDITIONS 





Estimated | Ratio of cost to 
capital that of cheapest 
cost £ dam 


Site Type of Dam 


| 444,000 
| 
| 





A |Round-headed buttress .. 
Solid gravity... Re 
Double-arch with central 

concrete abutment... 





1-00 
786,000 1:77 
860,000 


919,000 


1:94 
1:00 
1:88 
2°32 





B_ Round-headed buttress ... 
Solid gravity ... 1,730,000 
Single-arch . 2,130,000 





Dealing with pipelines, the author showed that 
relatively small variation in conduit size, with a con- 
sequent variation in head loss due to friction, might 
have a considerable bearing on the annual profit 
made in a particular scheme, owing to the loss of 
revenue due to the friction in the pipe. In the accom- 
panying table the results of variation in pipeline 
diameter for a particular scheme, are given. 

He also stated that the type of tunnel employed, 
and in particular the lining methods used, had a 
similar bearing on loss of revenue due to friction. 
The unlined tunnel was often cheaper where the cost 
of labour was relatively low and the cost of cement 
relatively high. 

In the final section of the paper, the author stated 
that the development of large generating units, with 


TABLE SHOWING LOSS OF REVENUE DUE TO FRICTION 


2 3 


~ Maximum 
water 
velocity 


4 





Pipe 
thickness 


loss due to 


diameter friction 


inch ft. 





Average head Loss of 
lelectrical output 
| per year owing 
| to friction 

units £ £ 


5 6 7 8 

~ Loss of 

revenue owing 
to friction 


Sum of _ 
columns 
6 and 7 


Annual charges| 
on capital 
cost (7%) 














64,000 
35,700 
21.200 
13,050 

8.500 


473 
519 
612 


637 
616 
672 
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comparatively flat efficiency curves, had led to a re- 
duction in the number of units installed for a given 
output, and this in turn reduced the size of generat- 
ing stations owing to the economy in space obtained. 
Because of this, underground power stations had, in 
some cases, proved cheaper to construct than the con- 
ventional surface type. 

In the discussion, Mr. J. Guthrie Brown mentioned 
that hydro-electric schemes in Great Britain before 
the 1939-45 war had cost from £25 to £35 a kW. 
At present hydro-electric schemes in Great Britain 
were costing from £80 to £130 a kW. 

Another speaker, Mr. P. A. Scott, stressed the 
point made by the author that long-term weather 
forecasting was not sufficiently advanced to enable 
storage to be operated at maximum possible effi- 
ciency. He quoted an editorial in Water Power 
(Volume II, November/December 1950, page 223) on 





the subject of prediction, in which the need for in 
creasing facilities for long-term meteorological fore- 
casting was raised, Mr. Scott added that great strides 
were being made in this direction. 

Mr. Headland said that the market value of firm 
and non-firm outputs of a large interconnected system 
varied in value during working hours and at night or 
over weekends, and from month to month over the 
hydrographic year. He thought there was a great need 
therefore for hydro-electric engineers to develop a 
uniform economic treatment before schemes were to 
be compared on a sound basis. This comparison 
should include the winter and summer output re- 
lated to guaranteed and run-of-the-river production, 
and it should be coupled with an established value 
for firm capacity in terms of the ratio of energy in 
storage to the minimum production during the criti- 
cal season. 








Book Reviews 


Damedar Valley Project 

Modern India Series, issued by The Publications 
Division, Ministry of Information and Broadcasting, 
Government of India, Delhi. 66 pp. Illus. Price 
Rs. 1/8. This paper-bound booklet gives a popularly 
written account of the aims and objects of the 
Damodar Valley scheme which is essentially a multi- 
purpose project designed to promote flood control, 
hydro-electric power development, irrigation and soil 
conservation. It is estimated that the four dams en- 
visaged will create a storage capacity approaching 
5 million acre-feet, so promoting industrial and agri- 
cultural possibilities in an area of 10,000 sq. miles. 
The total capacity of the hydro-power plant installed 
will be 200,000 kW and supplementary to this block 
of power and to tide over the dry season, a thermal 
station of 150,000 kW will also be erected. 


Annuaire Huydrologique de la France, Annee 


1949. (“ Hydrological Y ear Book of France for the 
Year 1949”), published by the Société Hydrotech- 
nique de France, 199, rue de Grenelle, Paris-V11I, 
10.5 in. x 7 in., 208 pp., 19 ff., 6 maps, numerous 
graphs. Price, 1,250 fr., plus 140 fr. postage. 

This year book gives in table form, for 68 different 
gauging stations set up on various French rivers, the 
daily flow of the river, its mean monthly flow for 1949 
related to the reference period 1936-1949 (common to 
all rivers investigated) and the mean monthly rain- 
fall. In the case of stations where the discharge is in- 
fluenced by upstream compensation reservoirs, 
amended monthly figures are also given. In addition 
to these tables, there is for each gauging station a 
daily flow chart showing also the curve of the flows 
ascertained over the whole year, as well as a graph 
with the curve of monthly discharges based on their 
frequency over a specified period of years. 

General data include:—Comparative tables and 
graphs showing the mean monthly and yearly flows 
for 18 selected stations, together with the correspond- 
ing values for the 1920-1949 period; four graphs giv- 
ing the weekly storage coefficient of the reservoirs in- 
fluencing the stations listed in the year book; the 
monthly rainfalls ascertained at 16 selected gauging 


350 








points for 1949 and the reference period, and finally, 
temperature tables for 12 of the rainfall gauging 
stations. 

These statistical data are preceded by a detailed 
analysis (pp. 9-48) of the theoretical bases of the 
hydraulic working of the gauging stations equipped 
with limnimetric scales, by M. G. Remenieras, of 
the Hydraulic Research Board of the French Elec- 
tricity Authority, followed by a general survey of the 
hydrological characteristics of the year 1949, by M. 
Ch. P. Péguy, professor of physical geography at the 
Rennes University. 


Power Engineer. No. 1, Vol. 1. Published 
quarterly by The Society of Power Engineers, Clere- 
mont, Simla, 4, India. 1951. 58 pp. Ilius. Annual 
subscription Rs.6 (inland) and Rs. 8 or 12 s. (foreign). 

Under this very broad title The Society of Power 
Engineers of India have issued the maiden number 
of a new journal devoted to power generation and 
distribution, civil-enginering works connected with 
power supply and related problems, with the object 
of contributing a quota to the “technical endeavour” 
by which so many of the economic difficulties of India 
must be solved. The new journal makes an excellent 
start; it is well produced and illustrated and the 
articles cover a wide range of subjects. The hydro- 
electrical engineers’ interest will naturally centre on 
an article written by S. Swayambu on the Nagal 
Hydro-Electric Project, which is a large-scale de- 
velopment on the Sutlej River. In the initial stage the 
installed capacity will consist of four sets of 24,000 
kW each, but ultimately there will be six sets of this 
capacity and one of 20,000 kW capacity. Particulars 
of the dam, the Kaplan turbines and the generators 
and also of the transmission system. 

Other articles deal with the rating of circuit 
breakers, shielding overhead transmission lines, the new 
Cossipore power station, high-voltage circuit breakers, 
the standardisation of electric plant and so on. 

We give this new journal a hearty welcome and 
wish it every success, but we must confess that we 
consider the title to be ambiguous and even mis- 
leading; there is no such person as a power engineer 
as such and we think an improvement would be 
effected if the title indicated more clearly and definitely 
that the new journal was concerned with Power 
Engineering in India. 
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Physical Properties and Drillability 
of Rocks 


PART FOUR.— By discussing cutting sizes, general relationships 
between the various factors, the influence of bit angles, drilling 
efficiency and by reporting on experiments with orthodox bits, 
R. Shepherd, B.Sc. (Hons.), A.M.I.Min.E., F.G.S., concludes his 
account of original investigations into the drillability of rocks. 


Size and analyses of cuttings 

During the investigations sieve analyses were carried 
out on several of the subjects tested. 

One difficulty present was the sampling of the cut- 
tings during drilling, but the best and most efficient 
method was to collect the cuttings from the bottom 
of the hole after each drill run. A sample of 10 gm. 
from each amount collected was sieved carefully 
through 200, 150, 100 and 60 I.M.M. sieves. 

Figs. 25 (a) and (b) illustrate graphically the results 
obtained for the coal sample. The following con- 
clusions are apparent:— 

(a) Heavier loading produces a greater propor- 
tion of the larger sizes than light loading. 

(b) A greater percentage of fines is present in 
the cuttings when drilling parallel to the cleat 
than when drilling at right-angles. 


Table X gives details of the analyses of the cuttings 
from several of the other subjects. 

Not only does light loading produce bit wear due to 
vibrations and chatter, but the grinding up of the fine 
particles in abrasive subjects assists in the dulling of 
the cutting edges. 

Generally, the intermediate sizes in the analyses 
show a remarkable consistency, the changes due to 
loading occurring only in the large and small fractions. 


General relationships, Shore numbers, and drillability 

values 

The values as interpreted by the Shore Schleroscope 
are arbitrary readings as already indicated, and assist 
only in placing the rocks tested in some order or scale 
of relative hardness, the results being applicable only 
to the actual! instrument used. Rocks having high 
Shore numbers may give high penetration speeds and 
the limestones are very variable in this respect. The 
limestone IV, an oolitic limestone, and limestone III, 
a carboniferous limestone, both have Shore numbers 
of 64 approximately, but the former gives a penetra- 
tion speed of nearly five times the latter under the 
same loading conditions, and neither rock has high 
abrasive properties. In some cases useful information 
can be obtained from Schleroscope readings, but as 
a result of the investigations made it is obvious that 
no accurate reliance can be placed on Shore numbers. 
High Shore numbers may indicate difficult drilling 
conditions, but unless further information is available 
these should not be taken as a complete guide. Shore 
numbers taken alone do not take into account the 
composition, abrasive properties and grain size. 

Fig. 26 shows that rocks giving small percentage 
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increases of the final Shore number over the lower 
numbers have in turn low K, values. It is possible to 
classify the rocks from a drillability aspect by dividing 
the area into three parts as shown. Area A comprises 
rocks which give low penetration speeds, have strong 
cementing or bonding and low strain hardening under 
impact. Area B comprises certain coals and coal- 
measure rocks and have medium strain-hardening 
properties. The boundary between areas B and C has 
not been fixed accurately, but rocks in area C should 
be easy to drill as they have weak cementing and in 
this case comprise a green carbonaceous ironstone 
and a gritstone. When more rocks have undergone 
the full tests it should be possible then to fix the 
boundaries more accurately. 

The factors or physical properties which tend to 
influence the degree of divergence between the initial 
and final Shore numbers of a rock may affect the 


magnitude of the critical value defined on the si5 
- 


curves. These constitute the compactness of the grains 
or minerals, the nature of the matrix, the size of the 
minerals and the degree of consolidation. Loosely 


TABLE X.—SIZE ANALYSES OF CUTTINGS 


Size analyses per cent. 


Bit Rock 
(I1.M.M.) 


Size 
(in.) 





| 
| 100 


| 100-150 150-200} 200 





1 | srenstone 14-4 
13-5 
| 14-0 
13-4 
|} 12-8 
| 11:8 
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cemented rocks will have low critical values, but they 
can exhibit extensive degrees of work hardening. The 
Schleroscope hammer consolidates the grains under 
impact, whereas the drill at and above a certain critical 
load effects a breakdown of the rock structure. 
Examination of Tables II* and VII+ will show that 
there is some relationship between critical loading and 
strain hardening. Taking the } in. bit, for example, 
gritstone and ironstone, having strain - hardening 
figures of 200 and 173-7 respectively, have no critical 
load, sandstone (Parkgate Rock) has a critical load 
of 32 and a strain-hardening figure of 83:4. At the 
other end of the table, haematite and granite have 
high critical loads but very low strain-hardening 


properties. 


Influence of angles of bit on drillability 
The standard bits, 4 in., } in., 1 in., 1} in. and 14 in. 

diameter, used in the tests described had equal cutting 
angles, 131° 38’, and equal clearance angles, 17° 30’. 
This was ascertained from calculations made with in- 
formation supplied by micrometer gauge readings. 

Cutting Angle @ (see Fig. 27)=131° 38’. 

Clearance Angle= 90° - a=90° — 72° 30’=17° 30’ 

where a=rake angle. 

Tests were made with a 4 in. bit which had the follow- 
ing angles:— 

Cutting Angle 6= 109° 16’. 

Clearance Angle=23° 29’. 





















































86 % 


2° 
o 
Ss 


"26 


I ra 7 
THOAAG FBGe OG 
a Mw eB % aks 
sot oi Os 4 Of ‘ & | Ss x 
; 18 oH A oid iE 
1H AW ‘4 oi OE 
ot HH HHA HEE 3 
~ 7 = 3 - 4 Z 1 
x MUCUS 4 5 a p 
» re ¥ Sa 1S a 
ot || HP 1 A NF 
ra R & a 3 i AS 
= yy & HS N & 
: VJ ‘ 7 WW eB eS B 
20 4 ow eB =z 
Z “a ey nV 
a BG “AY 
= y YA Z 4 
nw 
° 4 16 


56 
LB. LOADING 


rer BIT 
KEY 








Q 5 & 
<200 160-200 ICC“f9 60400 >60 


Fig. 25a. Sieve analyses for coal parallel to cleavage 
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Fig. 25b. Sieve analyses for coal at right angles to 
the cleavage planes 





*Water Power, July, 1951, p. 255. 
tWater Power, August, 1951, p. 312. 
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Fig. 26. Graph showing influence of strain hardening 
on rate of increase of penetration speed above critical 
loading point 


The effect to be expected from using such a bit as 
the second type on, say, an abrasive subject would 
be:— 

(a) Increased initial penetration speed due to the 
smaller cutting angle. 

(b) Increased penetration speed due to the larger 
clearance angle. 

This second effect can best be illustrated as 
follows:— 

The rotary action of the bit produces a tangential 
force which has a torsional effect. Pressure applied 
downwards to the machine produces a downward or 
vertical force. From these a resultant force is produced 
at an angle @ to the horizontal (see Fig. 28), the 
magnitude of which depends on the magnitude of the 
vertical force W. 

Force R, the resultant, is actually in a spiral direc- 
tion, but it can be assumed to act in a vertical plane. 

The efficiency of drilling depends largely on the 
magnitude of ¢, which governs the increase in pene- 
tration per revolution of the bit, i.e. it governs the 
penetration speed. 

Value of ¢ is limited by the clearance angle of the 
bit and ¢ cannot be greater than the clearance angle, 
which is 90° —- a, as shown in Fig. 29. 

Thus maximum penetration speeds are obtained by 
increasing the clearance angle, i.e. by decreasing a. 
This applies only to the initial penetration speed as 
there is a limit to the reduction in the value of a due 
to the necessity for preserving adequate strength in 
the bit. 

The influence of the value of the clearance angle 
on the penetration speed can be illustrated another 
way:— 

If D=the depth drilled in t secs. at N revs. per min. 

.. Depth per revolution of the bit= a 
D 

* ee i 57 


= 
Nt_ D 
d 


tN 


Tan (90°-a) clearance angle = 


2 
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but ?=s (the penetration speed). 


S 
*, tan (90° - a)= 747 


Assuming that d is constant and N is constant, 

then tan (90° -a) « S, : 
thus, by decreasing a the penetration speed S is 
increased. 











Fig. 27. Standard-type Fig. 28. Forces on cutting 
test bit edge of bit 


R’ 
(90-W)=@ 90-)>@ 
(b) (c) 


CONDITION FOR LOW EFFICIENCY 
MAXIMUM EFFICIENCY CONDITIONS 


Fig. 29. Influence of clearance angle on efficiency 
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Fig. 30. Effect of wear on Fig. 31. Effect of cutting 
the clearance angle angle on wear 


(c) More rapid reduction in penetration speed 
with increased depth of drilling due to the 
combination of decreased value of a and 
decreased cutting angle 0. 

After drilling a certain depth in an abrasive rock, 
the cutting edge becomes blunted and the sharp edge 
disappears, this being more rapid for bits having a 
small value of a, i.e. a large clearance angle, see Fig. 
30. Thus, the angle a, is increased to a, and the 
clearance angle is reduced from 90° - a,, to 90° - a,. 
Therefore, correspondingly, the penetration speed is 
reduced by an amount proportional to tan (90° - a,) 
-tan (90° —a,). The limit is reached when 90° - a, 
approaches zero, i.e. when a, is 90°. 

Theoretically, when tan (90° - a,) 0 

s-0 
The penetration speed at the limiting value of a,, i.e. 
at 90° should be zero, but in practice is not so, as 
crude grinding may result, particularly in an abrasive 
subject, the abraded particles may assist in causing 
the penetration speed to be minute. 
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It has been shown that wear reduces the clearance 
angle. A smaller cutting angle may assist wear in an 
abrasive subject. 

With both percussive drilling and rotary drilling the 
wear is due to the greater surface area of the cutting 
edge exposed to the subject, assuming, of course, that 
the diameter is not reduced. 

With cutting angle 6, as shown in Fig. 31, the 
cutting edge /, =r sec 8, where r is the bit radius. With 
cutting angle 6, (6,>6,) the cutting edge /,=r sec B,. 

.. increase in length of cutting edge=2r (sec B, - 
sec 8,). Micrographs of the bit used in a test clearly 
show that the greatest wear occurs on the outside edge 
of the bit due to the greater cutting action taking place 
there. Thus, by increasing the length of the cutting 
edge the rate of wear is increased. The wear is con- 
fined mainly to reduction in the clearance angle. 
Reduction in diameter is very slight over the tests 
made, and discard of the bit is not due to this difficulty 
but mainly to wear causing reduction in clearance 
angle. 

The pressure per square inch or per inch of cutting 
edge is reduced and, as has been shown, the wear is 
greater at lower loadings than with high loadings. 

The combination of these three factors influences 
the value of the penetration speed when using a bit 
with a smaller cutting angle and a larger clearance 
angle. 

The bit used in the additional test had an increased 
length of cutting edge equivalent to:— 

0:518 (sec. 35° 22’-sec. 24° 11’) in. 

i.e. 0-0674 in. 
This may be very small, but it should be remembered 
that the bit is being rotated at 190 r.p.m., so that the 
increased wear may be noticeable. 


In Fig. 32 are plotted the Slr curves for both the 


standard-type 4-in. bit and the new A type, the subject 
being granite. An examination of the curves shows 
that the initial penetration speed for the A bit is 
higher. The penetration speeds under 226 Ib. loading 
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Fig. 32. Comparison between results obtained with 
standard and modified bits in Cornish granite 
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are 3-45 in. per minute for the A bit, and 3-00 in. for 
the standard type. Another noticeable feature is that 
the K, value is higher for the A bit, while the K, 
value is lower. The critical point is approximately the 
same, 181 Ib. for both bits. It appears safe then to 
assume that the higher K, value results from greater 
wear of the bit for the reasons given. In the test the 
bit lost 0-03 grams in weight over the first 0°69 in., 
after which the weight was constant. No loss in bit 
diameter occurred. 


Efficiency of drilling 
The efficiency of drilling may be expressed as 
2xNT x 746 100 
33,000 Watts 
where N = r.p.m. of the drill 
T = torque developed (ft. lb.) = spring 
balance reading (in. lb.) x radius of the torque 
table (in. ft.). 

A large proportion of the energy is used in various 
ways, including the supply of rotary motion to the 
drill bit. Thus, the proportion of energy used in 
actually cutting the rock is very low. Efficiencies of 
drilling likewise are low. 

The highest torques were developed at the highest 
penetration speeds which corresponded to the heaviest 
loading conditions. Rocks which drilled easiest, such 
as bind, ironstone, gritstone, gave high torque values, 
consequently higher efficiencies. Correspondingly, the 
watts input was highest under the heavier loading 
conditions. 

More difficult rocks, such as syenite, granite and 
haematite, required a greater power input than the 
easier subjects under the same loading conditions, and 
gave lower penetration speeds and, in turn, developed 
lower torques. 


Tests with orthodox rotary bit 

An orthodox, so-called rotary, “coal bit” was pro- 
cured and a suitable shank brazed on to adapt it for 
use in the testing machine. Photographs of the bit are 
shown in Figs. 33 and 34. Precise measurements of 
angles and lineal dimensions were made and are 
shown in Fig. 35. It will be noticed that the bit is 
of a popular size, i.e. 1 |) in., the size commonly used 
for drilling holes in coal-mining practice where 1,'- in. 
explosive cartridges are used. 


Fig. 33. The 111 in. rotary bit 


Fig. 34. The 1+} in. rotary-bit cutting edge 


The bit has two cutting legs, each having a cutting 
angle of 120° and a clearance angle of 30°, with a 
side clearance angle of 20°. 

Until the depth of hole drilled is equal to the inside 
depth of the legs the rock is offering a low resistance, 
as only a little of over 50 per cent. of the hole volume 
is being bored. When the bridge reaches the core, the 
full resistance is being offered by the rock and it is 
at this stage that measurements were commenced. 

For the first tests with the orthodox bit green iron- 
stone was drilled and preliminary trials indicated that 
































Fig. 35. Rotary bit 
measurements 
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Fig. 36. Graphs for 14 in. dia. solid test bit and 1}+ in. 

dia. orthodox rotary bit in strong bind 


the bit gave measurable results in the test machine. 
Ironstone was drilled with 20 Ib. loading and the fol- 
lowing penetration speeds were obtained (in in. per 
minute): 4°09; 3-41; 3:44; 3-44; 2°87; 3-29; 
3-46; 2°85; giving an average penetration speed of 
3-33 in. per minute. 
Bind was drilled next under 20 Ib. loading and 
readings of 0-49; 0:30; 0-48; 0°60; 0°42; 0-42; 
0-44; 0-44; 0-40 and 0-35 (in. per minute), gave an 
average of 0:43 in. per minute. 
The loading, in the case of bind, was next increased 
to a maximum of 120 Ib. and the relationship between 
penetration speed S$ and load W was found to be 
linear with a change in gradient at 100 lb. Thus it 
appeared that the characteristic change of gradient at 
a certain critical loading was not common to the 
standard test bits alone. 
The sample of coal measure sandstone, Parkgate 
Rock, was tested and a loading of 20 lb. gave a pene- 
tration speed of 0-30 in. per minute, while a load of 
226 Ib. gave a penetration speed of 3-48 in. per minute. 
The abrasion of the bit was very noticeable after only 
2 in. had been drilled, but this was due to the extreme 
variation in loading. An abrasive rock, such as Park- 
gate Rock, required high loadings, not merely for the 
achievement of reasonable penetration speeds, but 
also to combat abrasion. 
Fig. 36 shows the relationship between the speed 
of penetration and the applied load for (a) the 114 in.- 
diameter bit and (b) the standard 14 in.-diameter 
solid test bit. The K values or gradients and critical 
loads are as follows:— 
Upper Critical load 

lb. 

i ane 10-80 95:6 

11 in. ... ~~ ee 4:90 101-0 
It appears from the results that the solid test bit gives 
the better results up to the critical loading point, but 
above 101 Ib. loading the orthodox rotary bit has a 

higher rate of increase of penetration speed. 

Table XI shows the penetration speeds for sedi- 
mentary rocks with varying loads. 

The critical points are nearly the same and by inter- 
polation from Fig. 19* a solid bit of 141 in. diameter 
would give a critical loading point of approximately 


Lower 





*Water Power, August, 1951, p. 311. 
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TABLE XI 


PENETRATION SPEEDS WITH ORTHODOX BIT 
Penetration Speeds — in./minute 


| 126 


226 


—_ ae 20 80 | 120 
| 


. | 1-36 | 3-33 

0-43 
0-30 
0-66 


Ironstone .. 
Bind ; 
Parkgate Rock 
Limestone IV 
Gritstone 


0-75 
1-56 


| 








100 lb. Thus it appears that while at higher loads the 
usual type two-legged rotary bit is far more efficient, 
the shape or design of bit has no appreciable influence 
on the magnitude of the critical or breakdown value, 
which is clearly and only related to the rock structure. 

Fig. 37 shows the cutting edges of the 111 in. bit 
after a test run in granite. Examination reveals the 
greatest extent of wear on the outside edges. 


Conclusions 


(1) Schleroscope readings, unless correctly analysed, 
give no useful guide to rock drillability. The degree of 
work hardening under impact can be determined by 


Fig. 37. Worn rotary bit 


the Schleroscope. Rocks which give high increases 
in readings under the impact of the Schleroscope 
hammer are loosely grained and drill easily by the 
rotary method. This is not necessarily true in per- 
cussive drilling; in fact, the converse may apply, as 
percussive drilling operates on a principle of shock 
and impact, and local work hardening may result. 

(2) Toughness of rocks is a property important in 
percussive drilling, but not necessarily so in rotary 
drilling. 

(3) The K, and K, values interpreted correctly give 
indices of drillability when measured under standard 
controlled conditions. 

(4) The critical load, above which a rock responds 
easily to increase in loading and gives a greater in- 
crease in penetration speed, varies for different rocks. 
Rocks which have work-hardening properties have 
lower critical load values and constitute the more 
easily drilled rocks. 

(5) Highest efficiencies are prevalent at the highest 
penetration speeds under conditions of heaviest 
loading. 

(6) Bit wear is greater at low loading than at high 
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loading. Initial bit wear is very important as it decides 
the future maximum penetration speed. Bit wear 
reduces the angle of clearance and so reduces the 
penetration speed. 

(7) The speed of penetration at constant load is 
inversely proportional to the square of the bit 
diameter. 

(8) A small cutting angle gives increased penetration 
speeds, but more rapid wear results due to increased 
surface area exposed to the rock. 

(9) Increasing the clearance angle by reducing the 
rake angle at the cutting edge on vertical leg bits give 
increased penetration speeds. 

(10) The design of bit has no appreciable effect on 
the Critical Loading Value, the latter being related 
to the rock structure and not to the bit design. A new 
orthodox, two-legged rotary bit will increase its pene- 
tration speed more rapidly above the same critical 
point as a new solid test bit. 

(11) Worn bits give approximately the same K, and 





K, values, but at much lower penetration speeds, and 
require higher critical loads than new or reground bits. 

(12) Larger-size cuttings are obtained with heavier 
loading than with light loading. 

Although vertical drilling has been practised during 
the drillability tests the results given will be true, with 
certain minor modification, for drilling at all angles. 

This description of tests carried out by the author 
is only a preliminary approach to the vast and com- 
plex subject of rock drilling. It is realised that only the 
fringe of the correlation of physical properties with 
drillability has been covered and additional aspects 
of the subject are being studied. Further tests on 
physical properties and petrological examination of 
rocks are now being covered, in addition to full-scale 
drillability trials with standard equipment. This latter 
part of the subject has at no time been studied fully 
and conclusively, and it is hoped that the present 
work, which is engaging the immediate attention of 
the author, will merit publication at some later date. 








Short- Circuit Testing Publications 


The Association of Short-Circuit Testing Authori- 
ties, more familiarly known as ASTA, was formed 
in 1938 for the purpose of co-ordinating the short- 
circuit testing and certification of British switchgear 
and other apparatus. It enjoys the collaboration of 
electrical manufacturers and the co-operation with 
the Department of Scientific and Industrial Research 
and other technical associations. Its primary object 
has been to establish common standards of perform- 
ance and testing, and the ASTA Certificate of Short- 
Circuit Rating is now recognised throughout the world 
as the hall-mark for certified apparatus. 

Since 1938 the various testing stations of the 
Association have accumulated a vast fund of in- 
formation which has been drawn on from time to 
time and incorporated in booklets published for the 
guidance of its members. The technique of short-circuit 
testing has now reached a high state of development 
and the Association has now made certain of these 
publications generally available. Those now published 
are: “Interpretation of Standard Rules Governing 
the Short-Circuit Testing and Certification of Oil 
Circuit-Breakers ”; “ Interpretation of Standard Rules 
Governing the Short-Circuit Testing and Certification 
of Low and Medium Voltage Electric Fuses for A.C. 
Circuits”; “ Rules Governing the Short-Circuit Test- 
ing of Circuit-Breakers which are not included, or 
have features not provided for, in BS.116:1937 and 
BS.936:1940”; “Rules Governing the Short-Circuit 
Testing of High-Voltage Electric Fuses for A.C. 
Circuits”; “Rules for the Short-Circuit Testing of 
Circuit- Breakers in Combination with Back-up 
Fuses”; and “ Rules for the Short-Circuit Testing of 
Power Transformers, Current-Transformers, Reactors 
and Resistors.” 

All publications are of uniform size and, in general, 
each document covers: information required by the 
Testing Authority for the purpose of identifying the 
apparatus to be tested; the information and results 
to be recorded by the Testing Authority; permitted 
deviations from the strict requirements of the appro- 
priate specification(s) such as may be necessitated by 
the test plant limitations; and assessment of perform- 
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ance as judged by the behaviour of the apparatus 
during test and its condition after test. 

In publishing the “Interpretations” the Association 
wishes to emphasise that in no way do these modify 
or conflict with any British Standard but amplify such 
points as cannot, of necessity, be covered by a general 
standard specification. The “ Rules ” publications for 
apparatus not covered by British Standards are not 
intended to be final and will be subject to revision on 
the issue of such Standard. Copies are available on 
application to the Secretary, The Association of Short- 
Circuit Testing Authorities, 36 Kingsway, London, 
W.C.2. Price 5s. Od. each, post free. 


Blaw Knox Limited. The executive offices of this firm 
have now been removed to 90-94 Brompton Road, 
London, S.W.3, the nearest station (Piccadilly Line) 
being Knightsbridge. Telephone (10 lines) Kensing- 
ton 5151. Telegraphic address, “ Blawnox Southkens 
London.” 


Butters Bros. & Co. Ltd. have moved into more ex- 
tensive premises and their address is now: Butters 
Bros. & Co. Ltd., The Crane Works, Station 
Approach, Long Lane, Hillingdon, Middlesex. Tele- 
phone: Uxbridge 925 and 2288. 

The British Thomson-Houston Co. Ltd. have now 
changed their Newcastle-upon-Tyne address to 9, 
Higham Place, Newcastle-upon-Tyne, 1. The tele- 
phone number remains the same, Newcastle 25040, 
as for the old offices in Ellison Place. 

The Manitoba Hydro-Electric Board announces that 
its head office is now located on the Ist Floor, Pheenix 
Building, 388 Donald Street, Winnipeg, Manitoba. 
Phone 934 437. 


Prestressed Concrete Construction. We regret that on 
page 152 of the April issue, in our article on Pre- 
stressed Concrete Construction, an error occurred in 
the setting of the first part of the first equation which 
should have read: 
+ [7 - rent + Cy = -C 
A | 
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Automatic Regulation 


This article, which fills a whole issue of the excel- 
lent Bulletin published by the Société Anonyme des 
Ateliers de Sécheron in Geneva, deals in a compre- 
hensive manner with automatic regulation and all its 
applications in actual practice. The fundamentals of 
the problem are expounded in an introduction fol- 
lowed by a survey of practical applications divided 
into three chapters: I, Automatic regulation of sources 
of energy; II, Automatic regulation of the travel of 
energy in transit; III, Automatic regulation of energy- 
consuming installations. 

Applications to hydro-electric plants are reviewed 
in detail in section I of chapter I (pp. 8 to 15). Energy 
being represented by symbol W, the author proceeds 
from the equation 

W gross source + W consumers + W stored + 

W unused = 0, 
and sets problem A, which aims at reducing to a 
minimum “W unused.” Under the assumption that 
the elimination of unused energy has been solved, the 
equation 

W gross source —- W energy stored=W net source 
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SM— servo-motor. 
EE--spillway. 
T—to turbine. 


S—-neasuring apparatus. 
OR—regulation system by means 
of sluice Y. 


F—float 
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FIG .4 


R—frequency regulator. 
S—measuring apparatus to R 
OR—adjusting device to R. 
Z—impedance. 
RAF—tfrequency adjusting device. 
F--float. 
SR—-turbine. 
SV—speed governor. 
L—speed limiting device. 
Y—+egulating valve to turbine. 


A—-alternator. 
E—exciter. 
D—circuit breaker. 
N—distribution network 
C—switch. 

PC—electric boiler. 

MU—motor to apparatus adjust- 

ing the energy absorbed by 


K—contactors to MU. 


leads to problem B which consists in proportioning 
the net power supplied by the source of energy to the 
power requirements of consumers (P net output = P 
consumers’ requirements). 

The author then deals with the regulation of the 
storage level in reservoirs as applied to the various 
types of hydro-electric plants: full storage (Fig. 1), 
limited storage (Fig. 2), run-of-river plants without 
storage (Fig. 3), and plants working under high heads 
in connection with pumping installations. Paragraph 
A2 (p. 10, col. 2) deals with regulation by means of 
variable emergency consumers of energy, called 
“ buffer consumers,” applying to the case of plants 
in which the amount of water available exceeds the 
requirements of the network. The nature of these 
“buffer consumers” may range from simple drying 
installations to hot water accumulators, electro- 
metallurgy (aluminium), etc.; in the case illustrated 
in Fig. 4 the “ buffer consumer” is an electric boiler, 
and regulation applies to frequency. 

The regulation of water turbines is briefly surveyed 
in all its aspects. 

Chapter II is devoted almost exclusively to the 
application of automatic regulation to the production, 
transport, interconnection and distribution of electric 
energy, and all the methods occurring in practice are 
examined (pp. 27 to 51). (Bulletin Sécheron, 1951, 
No. 22 F., 72 pp., 89 ff.). 


Triple River Diversion in Brazil 


A large diversion project is under way in the 
mountains above Rio de Janeiro, Brazil, to raise the 
potential of the city’s hydro-electric power resources 
to 820,000 kW. Water from the Paraiba river, shown 
at the right of the accompanying diagram, is to be 
diverted into the valley of the Pirai and, from there, 
into a reservoir on a tributary of the latter stream, 
whence it will be drawn for power generation in the 
valley of the Lages river. The city’s original generat- 
ing station, shown at the left of the diagram, is at 
Fontes on the Lagas river, about 44 miles from the 
city in the coastal range. It was put into service in 
1908, and the available water was increased in 1913 
by damming the Pirai at Tocos and diverting its flow 
through a 5-mile tunnel into the Fontes dam. 

Basically the scheme consists in damming one river 
(Paraiba) and pumping water from it into a reservoir 
formed by damming the Pirai valley (Santana Dam) 
from which the stored water from the two streams is 
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Diagram showing the triple river diversion scheme 
involving the Pirai, Paraiba and Lages rivers above 
Rio de Janeiro 


to be pumped to a still higher level in a third valley 
(Vigaria reservoir). From this point it is to be drawn 
for power generation in a fourth valley (Lages river) 
where the Fontes power plant is located. Here the 
additional water will be used initially to increase the 
output of this plant, pending completion of two new 
large underground power stations. 

The Vigario pumping station (five pumps each 
driven by 22,500 h.p. motors) is to serve also as a 
generating unit; for about two hours each day the 
flow through these pumps will be reversed, thus con- 
verting them into turbo-generators, to supply peak- 
load power to Rio de Janeiro. (Engineering News- 
Record,” Vol. 147, No. 1, July 5, 1951, p. 28, 3 pp.. 
6 ff.) 


Testing Insulating Materials 


This article is devoted to the Testing Department 
for Insulating Materials attached to the Central 
Laboratory of Electrical Industries in France, and 
is divided into five sections. Section I deals briefly 
with the various tests to which insulating materials 
are submitted; resistance to creeping currents, to 
heat and fire; influence of temperature and moisture 
fluctuations, etc. Section II gives the main charac- 
teristics of the conditioning chamber in which electric 
tests are carried out. The methods applied are 
described separately for solid and liquid insulating 
materials in sections III and IV respectively. The 
final section gives a few examples of tests of par- 
ticular importance. (R. Héron, Electricité, Vol. 35, 
No. 171, April 1951, p. 95, 8 pp., 11 ff.) 


The Storage Lakes of the Alps 


This article is the first instalment of a compre- 
hensive survey of the water power resources of the 
Alps, and deals with the storage lakes of the eastern 
ranges either in operation or in course of develop- 
ment in Switzerland, Germany, Italy and Austria. Out 
of a total of 93 storage reservoirs with an aggregate 
useful capacity of 2,620 million cu. yards, Italy alone 
accounts for 52 lakes and 1,546 million cu. yards; 
lakes situated at heights below 1,640 ft., and small 
lakes under 1:3 million cu. yards storage capacity 
are not included in these figures. 

A table accompanied by a map with reference 
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numbers gives the main particulars of each reservoir 
such as storage level, useful storage capacity, power 
resources available, area, height, length and type of 
dam, date of construction, etc. The figures for the 
power resources available comprise all downstream 
power plants together with run-of-river plants in 
operation or in course of development, state frontiers 
being left out of consideration. The aggregate energy 
available in all the reservoirs listed amounts to 3,440 
million kWh, of which 1,070 million are north and 
2,370 million are south of the main ridge; the mean 
production of winter energy per cu. metre is assessed 
at 1-71 kWh (1-42 on the north and 1:90 kWh on the 
south slopes) which means that, on the average, 
almost two thirds of the gross heads available have 
been or are being harnessed for power generation. 
The higher figure for the south slopes results from 
more favourable topographical conditions and a 
higher extent of development. 

Among the projects contemplated the Isar develop- 
ment in the Bavarian Alps deserves to be mentioned, 
owing to its scope; the Bavarian authorities are de- 
voting special attention to this project which has been 
the subject of extensive studies and preparatory work. 
A storage lake about 12-5 miles in length (No. 106 
on map), covering an area of 6,175 acres, is to be 
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Map of the projected Isar development in the 
Bavarian Alps 
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created by the erection of a dam reaching a height 
of 361 ft. above the bottom of the valley at the nar- 
rowest spot of the Sylvenstein near the Austrian bor- 
der north of Innsbruck. Most of the area to be flooded 
consists of waste and wooded country with very few 
inhabited places. This reservoir will be connected 
with the Walchensee (No. 6 in map) by a tunnel 3-72 
miles in length, and its useful total capacity (994 mil- 
lion cu. yards) has been determined with a view to 
ensuring the storage of all the Isar water available 
for the six winter months. With its water level lowered 
93 ft. the reservoir has still an area of no less than 
3,212 acres and gross capacity of 523 million cu. 
yards. The foundations of the arched structure will 
be sunk 295 ft. below the river bed, so that the dam 
will have a total height of 656 ft. This scheme will 
not only fully protect the Isar valley against floods 
but also provide Bavaria with a badly needed pro- 
duction of 600 million kWh of winter energy. 
(Harald Link, Wasser- und _ Energiewirtschafts, 
Vol. 43, No. 6-7, June-July 1951, p. 101, 23 pp., 20 ff. 


Power from Pumped Storage in Texas 


At Buchanan Dam near Austin, Texas (head 
132 ft.) the power plant has been extended as shown 
in Fig. 1 to provide space for a pumping unit that 
uses off-peak power from steam stations to pump 
water from the smaller downstream reservoir at Inks 
dam (head 63 ft.) into the reservoir above Buchanan 
Dam. 

The pump, driven by a 13,450 h.p. synchronous 
motor, was set with the centre line of its 11 ft. 8 in. 
dia. bronze impeller 3-75 ft. lower than the normal 
tail-water level in order to minimise cavitation 
troubles. The pumping unit will be operated at night 
and on holidays, and each nine hours of pumping will 
put enough water into the higher reservoir to run for 
six hours the stand-by generator which has been 
added to the two 14,000 kW generators provided at 
the outset. 
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SECTION A-A 


Fig. 1. Arrangement of pumping unit 


WATER POWER ‘September 1951 


| | | } 
Curve showing drow-down of inks 
| 03 @ result of pump operation 

| | 


Orawdown in feet 


Operation in hours 


Fig. 2. Curve of draw-down of Inks Dam due 
to pumping 


As shown in Fig. 2 the capacity of the Inks Dam 
reservoir is such that the normal pumping at night 
will not result in a large draw-down; at weekends, 
36 hours of continuous pumping would lower the 
pool about three feet. If prolonged pumping happens 
to cause an appreciable loss of head on the Inks Dam 
power plant, which has one 12,500 kW unit, three- 
unit operation will be scheduled at the Buchanan 
plant, the Inks plant standing idle until its head is 
restored. 

An important feature of this installation is the high 
efficiency, 89:5 per cent., guaranteed for the pump 
by its manufacturers, the Worthington Pump and 
Machinery Corporation. (Engineering News-Record, 
be: 146, No. 24, June 21, 1951, p. 37, 3 pp., 
4 ff.) 





Digest of this Issue 


Sommaire 


Etalonnage des Compteurs de courant 
d’eau (page 330). 

L’auteur souligne l’importance de la précision des 
mesures et étudie les méthodes et l’équipement 
employés au National Bureau of Standards, U.S.A. 
Le compteur 4 turbine est considéré aux Etats Unis 
comme remplissant le mieux les conditions requises, 
qui sont ici esquissées. L’auteur, ingénieur hydrauli- 
cien du National Bureau of Standards, met en relief 
la nécessité de I’étalonnage individuel des compteurs 
et dépiore toutes méthodes basées sur le fonctionne- 
ment moyen d’un certain nombre d’instruments du 
méme type. Il recommande aussi le passage périodique 
au banc, a titre de vérification. Les méthodes d’étalon- 
nage et l’équipement employés au National Bureau 
of Standards sont ici décrits et illustrés. L’auteur 
étudie, enfin, les erreurs possibles d’étalonnage. 


Analyse des efforts sur les raccords a brides 
(page 335). 

Les proportions des raccords 4 brides de canalisa- 
tions de turbines sont souvent calculées empirique- 
ment; il en résulte que l’épaisseur des collerettes et 
le diamétre des boulons varient considérablement 
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pour des pressions et des diamétres de conduite 
donnés. L’auteur de cet article souligne que Waters 
et Taylor, Timoshenko, Holmberg et Axelsson sont 
arrivés &4 une méthode de calcul basée sur la théorie 
de l’emboutissage et de la déformation des tdles 
circulaires. Mais elle comporte des calculs trés 
compliqués. Grace a l’introduction de certaines hypo- 
théses visant a la simplification, Timoshenko est arrivé 
a une méthode d’application pratique trés satisfaisante. 
Schultz et Schiller ont comparé toutes ces formules 
et demontré que le procédé Timoshenko est a peine 
moins précis que les autres méthodes beaucoup plus 
compliquées. L’auteur étudie l’approximation Timo- 
shenko relativement 4 une analyse des efforts sur les 
raccords a brides de grosses conduites soudées. 


Migration du Poisson (page 342). 

L’auteur étudie les difficultés du probleme que pose 
le passage du poisson dans les hauts barrages; il prend 
pour exemple les 2 projets du Cowlitz, dans l’Etat 
de Washington. Pour la remontée du poisson adulte, 
le type normal d’échelles offre une solution conven- 
able, quoique onéreuse; la difficulté est la descente 
des saumoneaux qu’il faut empécher de passer dans 
l’aire d’alimentation et 4 travers les turbines. A May- 
field, ol la chute est de 185 pieds, le probléme est 
relativement simple; mais 4 Mossyrock, ot la chute 
est de 325 pieds, il se complique du fait que le niveau 
du réservoir peut varier d’une centaine de pieds. Il 
est donc nécessaire de ramasser le saumoneau 4a 
differents étages et de le relacher au niveau zéro du 
barrage. L’auteur décrit, avec l’aide de photographies 
de maquettes, la fagon dont on envisage de faire la 
chose. Les essais pratiques faits 4 la station ex- 
périmentale du barrage Alder tendent a prouver 
l’excellence de la méthode. 


Compendio de esta Edicién 


La Clasificacién de Contadores de Corri- 
ente de Agua (pagina 330). 

Se hace resaltar la importancia que tiene una 
medicién de precisién y se discuten los métodos y 
equipos empleados en el “National Bureau of 
Standards ” de los Estados Unidos de la América del 
Norte. Se hace una breve descripcién de los requeri- 
mientos que tiene que satisfacer un contador de 
corriente satisfactorio y en los Estados Unidos de la 
América del Norte se considera que el modelo que 
logra satisfacer estos requerimientos de manera mas 
completa es el de tipo de turbina. El autor, quien es 
el Ingeniero Hidraulico del “National Bureau of 
Standards,” hace resaltar la necesidad que existe de 
que se efecttien clasificaciones individuales para el 
logro de mediciones de precisién valiéndose de 
contradores y lamenta cualquier sistema de clasifi- 
cacién basado sobre un funcionamiento promedio de 
cierto numero de instruntentos del mismo tipo. 
También recomienda el que se efectiien pruebas a 
intervalos regulares con el objeto de asegurar que no 
han ocurrido cambios en las caracteristicas de 
clasificacién. 

Se describen los métodos de clasificacién de conta- 
dores en el “ National Bureau of Standards” de los 
Estados Unidos de la América del Norte y se facilitan 
ilustraciones de los equipos empleados. Finalmente, 
se discuten errores de clasificacién de manera 
completa y detallada. 
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Analisis de los Esfuerzos en Conexiones de 


Tubos de Brida (pagina 335). 

Las proporciones de las conexiones de los tubos 
de brida para turbinas muy frecuentemente son cal- 
culadas por métodos de tanteo y, como consecuencia, 
los espesores de las bridas y los didmetros de los 
pernos para una presién y didmetro de tubo deter- 
minados varian en proporciones considerables. E| 
autor de este articulo hace resaltar que Waters y 
Taylor, Timoshenko, Holmberg y Axelsson han 
establecido un método de cadlculo basado sobre una 
teoria de dobladura y flexién de planchas circulares. 
Desgraciadamente, los calculos a ser efectuados de 
acuerdo con estos métodos son muy complicados y 
de empleo bastante inconveniente. Con el objeto de 
simpliticar los calculos, Timoshenko ha hecho algunas 
presunciones y ha establecido un método muy con- 
veniente para aplicaciones prdcticas. Schultz y Schiller 
han comparado todas estas formulas de desarrollo 
cientifico y han demostrado que la precisién del 
método de Timoshenko difiere solamente en propor- 
ciones muy ligeras de los cadlculos mucho mas 
complicados. Puesto que se tienen muy pocos cono- 
cimientos de las aproximaciones de l1imoshenko, el 
autor discute este método con relacién a un anialisis 
de los esfuerzos aplicados sobre bridas de tubos 
grandes soldados. 


Problema relativo al Trafico de Peces 
(pagina 342). 

En este articulo se consideran las dificultades que 
lleva consigo el proporcionar facilidades para permitir 
que los peces inmigrantes puedan salvar las altas 
presas, haciendo referencia especial a dos proyectos 
de energia en el rio Cowlitz, en el Estado de Washing- 
ton. Para los peces desarrollados ascendentes, una 
escalera de tipo normal, a pesar de su elevado costo, 
proporciona un medio satisfactorio de movimiento y 
la dificultad principal estriba en la caida de peces 
pequefios, en vista de lo muy complicado que resulta 
impedir el que sean absorbidos por el agua del salto 
y pasen a través de las turbinas. En Mayfield, donde 
la central funcionara con un salto de 56,40 metros, 
el problema es relativamente sencillo, pero en Mossy- 
rock, donde el salto es de 99,05 metros, la situacion 
es complicada debido a la circunstancia de que él 
nivel de las aguas de captacién puede oscilar en 
proporciones tan grandes como 30 metros. Como 
consecuencia, en Mossyrock los peces pequenos tienen 
que ser recogidos en diferentes secciones de la presa 
y tienen que ser libertados al nivel de la base. Se 
describe la forma en que se propone efectuar esta 
recogida, ayudando la descripcién con fotografias y 
modelos reproducidos en este articulo. 


CLASSIFIED ADVERTISEMENTS 


Announcements for this column can be accepted up to the 30th 
of the month for the following month’s issue. The charges are 
fourpence per word with a minimum of 10s. Box No. facilities 
<s. 6d. extra. In order to avoid accountancy it would be appre- 
ciated if instructions to insert were accompanied with remittance. 





APPOINTMENT VACANT 


HYDRO-ELECTRIC ENGINEER, experienced in both site 
investigations and construction, required for several East 


African schemes in bush country. Chartered Civil Engineer 
and preferably single. Write Box 564, c/o Walter Judd Ltd, 
47 Gresham Street, E.C.2. 
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BRECO ROPEWAYS 
CABLEWAYS 


Prelude to Power... 


BRECO Ropeways and Cableways provide vital links in the chain 
which converts H,,0 to K.V.A. Short links or long links—BRECO 
can build ropeways for dam building of any capacity or length, 
incorporating every labour saving device Experience counts and 
Breco are the largest suppliers of heavy capacity ropeways in the 
world today. Advice and literature freely and willingly supplied. 


BRITISH ROPEWAY ENGINEERING CO. LTD. 


PLANTATION HOUSE, MINCING LANE, LONDON, E.C.3 Tel. Mansion House 4681-2 
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33 TOTHILL STREET, WESTMINSTER, LONDON, S.W.I 


BRANCHES : MANCHESTER: Century House, St. Peter’s Square. GLASGOW : 87 Union Street. 
LEEDS : 70 Albion Street. BIRMINGHAM : 90 Hagley Road, Edgbaston. NEWCASTLE-ON-TYNE: 21 Mosley Street. 
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OVERHEAD~ anc rower CRANES 


When handling loads by ronan ih Siege OF Doubles 
man-power you cannot Girder Types and in sizes 
do better than instal a am 5 ~ 29 cone Cpe 
VAUGHAN Hand Crane. Roller bearing runners, 
Easy to operate, and high factor of - safety, 
inexpensive to maintain, nse ques = Soke 
these hard - wearing — 

rugged products still find THE VAUGHAN CRANE CO. LTD 
unlimited uses in modern WEST GORTON, MANCHESTER 

industry ENGLAND. 


Telephone EASt 1473. 

















Gk for Cat. Section 
SG.7 oo D.G.5. 


YORKSHIRE SWITCHGEAR 


INDOOR/OUTDOOR 


Fully tested for Short Circuit Rating and tested climatically 
for home and tropical, indoor and cutdcor use. These tests 
reveal the quality of the design, and our reputation for 
quality of manufacture promotes confidence in the 
perfcrmance of the gear in service 











YORKSHIRE SWITCHGEAR & ENG. CO. LTD. 


Telephone: 51030-8-9 LEEDS 6 Telegrams : ‘‘ Controller "’ 
Londen Office & Showroom : Grand Bidgs, Trafalgar Square, W.C.2 Phone: Whitehall 3530. Grams: Tramsuplim, Rand 


ASSOCIATED WITH ELECTRO MECHANICAL MANUFACTURING CO., LTD., SCARBOROUGH 
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ANDERSON 


ELECTRIC DERRICK 
CRANES 


OUTSTANDING FEATURES: 
“UNIT” GEARING 
SUPERIOR VISIBILITY 

HIGH SPEED OPERATION 
RELIABILITY 

ECONOMY 


Ilustration shows 7-tcn Crane with |20-ft. jib 
on Loch Sloy Hydro-Electric project. 


|| TAYMOUTH ENGINEERING WORKS - CARNOUSTIE - SCOTLAND |] 











Fhone : Carnoustie 2214-5 Grams : DIAMOND, CARNOUSTIE 
LONDON OFFICE: Finsbury Pavement House, 120 Moorgate, E.C2 
Phone: MONarch 4629 











overnead lines 


tically 
> tests 
on for 
in the ea, a" in 
ervice a. 


Hard drawn Copper, Cadmium- 
Copper and Steel cored Aluminium 


to relevant British Standards. 


We are pleased to quote 


to your specification. 


"2 a A 

on Oy N Y 
ANACONDA WORKS SALFORD 3 LANCS 
7 The l nd E € tr Wire C mpany and Sr ths Lir 


ft 
tid and Vactite 
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ADSCO 
For Water Well Drilling—Diamond Core 
Drilling —- Geophysical Surveys, Soil Mechanics — 
Shaft Sinking—Adit Driving—in any part of the 











world. 
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(OVERSEAS) LTD. P 
pl 
fie 
fre 
— 
Fus 

Iddesleigh House, Caxton Street, Westminster, London, $.W.1. Cables:Adrillco, London. Telephone: Abtey 3242 (3 line 
Pst 
-_ 
THE RAILWAY GAZETTE 
A journal of Railway Management, Engineering, Operation and Rai- 
way News. = 
Prepaid Annual! Subscription £4 10s Weekly 2s 
DIESEL RAILWAY TRACTION 
A monthly review of world-wide developments in  diesel-engine 
design and diesel railway traction operation. 
YDRO El EC TRIC EQ UIPM EN T Prepaid Annual Subscription 3Cs. Monthly 2s. 64 
SHIPBUILDING AND SHIPPING RECORD 
A journal ot Shipbuilding, Marine Engineering, Docks, Harbours 
and Shipping. 
Prepaid Annual! Subscription £4 10s. Weekly 2s 
POWER AND WORKS ENGINEERING 
e 
HYDRAULIC TURBINES A practical journal for Plant Owners, Engineers. and Works 
Managers. Prepaid Annual Subscription 35s Monthly 2s. 64 
eBUTTERFLY VALVES NEW COMMONWEALTH 
(Incorporating The Crown Colonist) describes and _ illustrates sit- 
eAIR VALVES nificant developments in production, trade, transportation and 
related spheres in all countries of the Commonwealth, and provides 
eAIR LOCKS a unique service of economic information from 50 countries with 
a total population of 560 millions. 
ePENSTOCKS AND Prepaid Annual Subscription 24s. Monthly 3 
COLLIERY ENGINEERING 
SIPHONS A practical journal for Colliery Managers and Engineers, a0 
manufacturers of Colliery Equipment. 
eSURGE TANKS Prepaid Annual Subscription 35s Monthly 2s. 6 
COKE AND GAS 
eHEAD GATES AND A technical jourtal dealing with the scientific and technical prod 
SLUICE GATES lems involved in the production of coke and gas in coke ovens and 
gasworks, and the industrial uses of these fuels 
Prepaid Annual Subscription 30s. Monthly 2s. © 
. 
RADIAL GATES THE INDUSTRIAL CHEMIST , 
A journal devoted to the progress of applied Chemistry # 
eSTOP LOG HOISTS Engineering. Prepaid Annual Subscription 35s. Monthly 2s. 0 
BUILDING 
eTRASH RACKS AND A practical journal devoted to Architecture and Building Practice 
RAKES Prepaid Annual Subscription 35s. Monthly 2s. @ 
woop 
A practical journal, authoritatively written, superbly illustrated. 
e > 
GANTRY CRANES dealing with the growtn, marketing and use of wood in all its form 
Prepaid Annual Subscription 35s. Monthly 2s. © 
<€ HEAD GATES FOOD wd 
A journal devoted to the manufacture, packing and marketing 
processed foodstutfs, and of the utmost value te firms supplying 
equipment or materia's for the food industry. a 
Prepaid Annua! Subscription 35s. Monthly 2. od 
WATE’ POWER 
_ CANADIAN A technical journal devoted to the study of all aspects of Hydro- 
Electric Development. ate 
Prepaid Annual Subscription 35s. Monthly 2. sO 
THE RAILWAY MAGAZINE 
MONTREAL A popular magazine containing illustrated articles on kaiw? 
and Locomotives. Published monthly. x 
CANADA Prepaid Annual Subscription 26s. Monthly 
Cable Address: VICKERS, MONTREAL, All above published at , 
v-221 33. Tothill Street, Westminster, London, 5.W. 




















Aluminium Bronze 

180 h.p. Turbine 
Runner supplied to Messrs. 
Gilbert Gilkes & Gordon 
td., of Kendal, Eneland 


PIPE LINES are only one example of a production welding job 
planned by Fusarc. There are scores of other examples in a wide 
field of work, illustrated in Fusarc Production News Sheets, 
free copies of which will be sent regularly on request. 


FUSARC 


MECHANISED WELDING 
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CASTINGS 
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eekly 2s 


1 Wat INSTALLATIONS 


rates sit AND MAKE SURE OF YOUR possess a Tensile Strength of 45 tons per sq. in., 


nd : : 
r ] have a specific gravity of only 7.5 and are 
tries wit %s / guaranteed to withstand any hydraulic pressure; 
ynthly 2 €. < also highly resistant to erosion, corrosion and 


2s. 6d 











cers, and abrasion. 


ly 2s. 


We are specialists in all kinds of Non-Ferrous 
cal THEY ‘SET THE COURSE’ FOR Castings — in PHOSPHOR BRONZE, GUN- 
” ENDURING RELIABILITY METAL, MANGANESE BRONZE, ETC. and in 
Light Alloy Castings, Chill-Cast Phosphor Bronze 


istry a for Hydro Electrical Installations, Rods and Tubes, Precision Machined Parts, etc. 
hly 2s. 63 Turbine Thrusts, Pedestal Bearings, 


«Pras Motors, Generators, Pumps (Vertical 
ay 2s 6 and Horizontal), Fans, Paper-Making fully appressed Sy Aimiaiy and Sam, 

oan and Extruding Machines, etc. oome 
ilu 


tee T. M. BIRKETT & SONS. L™° 


—" MT GH ER | HANLEY : STAFFS 
ply 2s. BR /N R ] IN) GL. ‘Grams: Birkett. Hanley Phone: Stoke-on-Trent 2184-5-6 


hly 2. @ SOUTH BENWELL NEWCASTLE upon TYNE 


: T 
elegrams Telephone: 
fonthly ® MICHBEARO 34279 


ly 2s. 0 





in association with 
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| 

| BILLINGTON & NEWTON LT° 

| LONGPORT, STOKE-ON-TRENT 
24 


& Bronze.Phone,Longport ‘Phone: Stoke .. 
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Allgemeine Elektricitats Gesellschaft 38 

Allmanna Svenska Electriska Aktie- 
bolaget ; << 

Anderson-Grice Co. Ltd. 47 

Armfield Hydraulic Engineering Co. 
Ltd., The - 

Associated Drilling & Supply Co. 


(Overseas) Ltd. 48 
Ateliers de Constructions Electriques 
de Charleroi 31 
Ateliers de Construction Méchan- 
iques de Vevey S.A. 13 
Atlas Diesel Co. Ltd. 10 & 11 
B 
Balfour, Beatty & Co. Ltd. 
Birkett, T. M. & Sons Ltd. 49 
Blackwood, Hodge J. & Co. Ltd. ... 34 
Blakeborough, J. & Sons Ltd. — 
Blaw Knox Ltd. 25 
Boving & Co. Ltd. 3 
Brady, G. & Co. Ltd. . 
British Insulated Callenders Cables 
Ltd. 42 
British Ropeway Engineering Co. 
Ltd. 44 
British Thomson-Houston Co. Ltd. 26 
Brown Boveri & Co. Ltd. 23 
Bruce Peebles & Co. Ltd. 28 
Butters Bros. & Co. Ltd. 30 
Cc 
Canadian Vickers Limited . 48 
Cementation Co. Ld., The — 
Ceretti & Tanfani Ropeway Co. Ltd. 27 
Christiani & Nielsen > ae 
Climax Rock Drill & Engineering 
Works Ltd. 35 
Consolidated Pneumatic Tool Co. 
Ltd. 29 
Cooke & Ferguson Ltd. 18 
Costain, Richard, Ltd. 32 


Crompton Parkinson Ltd. 
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Hackbridge & Hewittic Electric Co. 
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Harland Engineering Co. Ltd., The 40 


Henderson, John M. & Co. Ltd. ... 14 
W. T. Henley’s Telegraph Works 
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Holman Bros. Ltd. ‘Inside Back ‘Cover 
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Karlstads Mekaniska Werkstad ... — 
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Leffel, James & Company, The ... 

Logan Mining Machinery, The, Co. 
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Metropolitan-Vickers Electrical Co. 


| 3 a a Back Cover 
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Morris, Herbert Ltd. ... ms at? 
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Newport News Shipbuilding & Dry 
Dock Co. ... oa ota = 

North of Scotland Hydro-Electric 
Board te. sis ae si 





oO 
Oerlikon Engineering Company 


P 

Pirelli-General Cable Works Ltd. 
Pyrotenax Ltd. eee an 
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Ransomes & Rapier Ltd. 
Rawlplug Co. Ltd., The 
Reyrolle, A. & Co. Ltd. 


Inside Front Cover 


Robinson & Kershaw Ltd. ... 
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Scarpa & Mangano ... 

Smith, Fredk. & Co. ... ; 

Smith, Thos. & Sons (Rodley) Ltd. 

Soc. Nationale Delle Officine dj 
Savigliano ... me 

South Durham Steel & Iron Co. Ltd. 

Standard Telephones & Cables Ltd. 

Steatite & Porcelain Products Ltd 
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Taylor, Tunicliff & Co. Ltd. 

Taylor Woodrow Construction Ltd. 

Teeside Bridge & Engineering Works 
Ltd., The... aoe 
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Vaughan Crane Co. Ltd. 

Voith, J. M., G.m.b.H. 

Ww 

Wailes Dove Bitumastic Ltd. 

Westinghouse Electric International 
Company ... ve 

Wimpey, Geo. & Co. Ltd. 
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‘BITUMASTIC 


RK 


COLOURED SOLUTIONS 


for 
INTERIOR & EXTERIOR 


APPLICATION 








Darlington Power Station (above). 


Steelwork in Engine 


mastic” Anti-corrosive Solutions. 

















Room and 
(below) Water Tanks (Exterior) and 
Fan Housings—Coated with “Bitu- 
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WRITE TO-DAY FOR FULL PARTICULARS. 
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British Electricity Authority, North Eastern Division. 


SERVICE-PROVED COATINGS FOR INDUSTRIAL 
USE @ DECORATIVE AND PROTECTIVE ® 
DESIGNED FOR ALL ROUND MAINTENANCE 
INTERIOR AND 
EXTERIOR SURFACES @ MANUFACTURED 
IN A RANGE OF PRACTICAL COLOURS @ 
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FIRST FOR 
PERFORMANCE 


The Handril— Airleg— Holbit 
Combination 


Since the now world-famous and widely used 
Holman Combination first saw active service it 
has been responsible for a revolution in drilling 
technique. It has made one steel per hole the 
standard of drilling practice everywhere. Capable of 
drilling deep parallel holes in any direction, it cuts 
labour costs and increases output phenomenally. 


NEW DESIGN FEATURE — greatly improved 
control handle, which provides easier operation 
while retaining simple, robust construction. 


S.L.9D SILVER DART S.L.200 SILVER BULLET 
Weight : 42 lb. Weight : 48} Ib. Weight : 50 lb. Weight : 584 Ib. 


MAKE SURE you receive prompt information 
about each new Holman development in this field. 
Are you on our mailing list ? 


HOLBIT. Tungsten Carbide 
Bit. Cross and Chisel Types 
in various sizes from 1% in. 
to 2 in., and in two grades 
of tungsten carbide. 


CAMBORNE. ENGLAND 
PHONE: CAMBORNE 2275 (9 LINES) GRAMS: AIRDRILL. CAMBORNE 
SUBSIDIARY COMPANIFS, BRANCHES AND AGENCIES THROUGHOUT THE WORLD HB3 
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Hydro-Electric Plant 


GENERATING 
New Zealand 


These three Metrovick 
33,333 kVA generators 
are installed in the Kara- 
piro station of the N.Z. 
Hydro-electric Dept. 


TRANSFORMING 


India 


Three of the Metro- 

vick 110 kV 3-phase 
outdoor transformers at 

the Pykara hydro-electric 
Station on the Madras 
Government Irrigation and 
Power scheme. 


SWITCHING 
Finland 


220 kV 3500 MVA air blast 
circuit-breakers installed on a 

Finnish hydro-electric scheme. 

These are the first British - built : 
220 kV circuit-breakers for commercial 4 
service. 


WHefeivisAa 
vanwre "enV" 
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METROPOLITAN-VICKERS ELECTRICAL CO. LTD., MANCHESTER 17, ENGLAND 


WERE NGAI Electrical Equipment for Hydro-Electric Schemi 
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